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What's down under the sea? Hostile
submarines? New food sources? Biological
wonders like the archaic coelacanth fish?
1! In many ways, we know more about the
surface of the moon than we do about the
sea around us. The sea guards its secrets
in darkness, with pressures that crush steel
like an eggshell. Radio waves that put us
in touch with the stars can penetrate less
than 100 feet of its depth. If Westinghouse
scientists are helping to unravel the sea's
mysteries by perfecting new precision
instruments for measuring salinity, acous-
tics, currents, pressures, sea floor con-
tours. H Westinghouse was the first to
develop centralized engine room control
for oceanographic ships, a development
that will help make hydrographic and
oceanographic surveying faster and more
accurate than ever before. H New undersea
propulsion methods under investigation at
Westinghouse involve fuel cells, thermo-
electric generators, thermionic converters,
cryogenic propellants. Strange words,
strange world. IIFor more information con-
cerning a challenging career at Westing-
house, an equal opportunity employer, see
our representative when he visits your
campus, or write L. H. Noggle, Westing-
house Educational Center, Pittsburgh 21,
Pennsylvania. You can be sure ... if it's
Westinghouse /^^
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Life sciences study effects of long range space travel
The life sciences group at The Garrett Cor|)oratioii is con-
cerned w ith the reaction of living organisms to their environ-
ment, and the development of environmental systems to
support such organisms.
Intensive investigation is now being conducted at Garrett
in all major areas of the life sciences— microbiology, neuro-
physiology, psychology, biochemistry, biophysics and related
areas — to studv the relationshijjs of man to his environment
in extended space travel. These studies varv in scope frcjin
determininc the effects of near vacuum conditions on labora-
tory sulijects over long periods of time, to deliniliMly e\al-
uating the effects of re-enlrv acceleration on human beings.
(»arrett also designs. deveK)ps and inaruifactures environ-
mental control svstems for this country s major maimed
spacellight programs, including Project Mercury, Gemini
and Apollo.
For information about other interesting jirojects and the
many career op[>ortunities with The Garrett (Corporation,
urile to Mr. G. D. Bradlev in Los Angeles. (Jarrett is an
equal op])ortunity employer.
THE GARRETT CORPORATION • AiResearch Manufacturing Divisions • Los Angeles 9,
California • Phoenix, Arizona • other divisions and subsidiaries: Airsupply-Aero Engineer-
ing • AiResearch Aviation Service • Garrett Supply • Air Cruisers • AiResearch Industrial
• Garrett Manufacturing Limited • Garrett International S. A. • Garrett (Japan) Limitsd
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WHY GAMBLE?
Most of us "gamble" a little every day. Have you ever driven past a service station
with the gas gauge on empty, betting you'll reach the next one? But when reliability
is important we're not likely to gamble. In the electric utility business the need for
reliability is essential. It's the power engineer's job to take the "gamble" out of
providing uninterrupted electric service. At Wisconsin Electric Power Company a high
degree of reliability has been maintained, due largely to the technical ability, judg-
ment and experience of its power engineers. Now a new means of analysis is being
studied— a reliability theory, using the mathematics of probability and worked out
on digital computers. These studies will add a new dimension to the power engineer's
ability to select components to provide ever more reliable generation, transmission
and distribution of electricity in the future.
Why gamble your future? Take a hard look at the many engineering opportunities
in the Wisconsin Electric Power Company System. Here you will find well-rounded
training programs and opportunities for technical growth with administrative possi-
bilities. Employment benefits are excellent with salary growth and promotion based
on personal merit. Write us for information now.
WISCONSIN ELECTRIC POWER COMPANY
SYSTEM
Wisconsin Electric Power Co.
MILWAUKEE, WIS.
Wisconsin IVlichigan Power Co.
APPLETON, WIS.
Wisconsin Natural Gas Co.
RACINE. WIS.
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This coined word applies to the emission of electrons which
occurs at the time of metal abrasion or fracture. Refined
measurement techniques in regard to this factor may lead
to the detection of microscopic cracking long before failure
. . .allowing for part replacement before the onset of fracture
in service. Triboelectroemanescence is only one of the many
phenomena involving metal behavior now under study at
Douglas. Because structural reliability is a critical consider-
ation in the design of transonic, supersonic and hypersonic
aerospace vehicles, Douglas laboratories are engaged in a
comprehensive research pro-
gram relating to metal endur-
...A STIMULATING AREA FOR CREATIVE ENGINEERS ance. This includes corrosion
causes and effects, environmental studies, and the effects of
steady state loads and intermittent strains under cryogenic
through pyrogenic temperatures in causing metal cracking.
TRIBOELECTROEMANESCENCE
./
The above is only one of hundreds of interesting assignment
areas at Douglas. If you are seeking a stimulating career
with an organization in the thick of the most vital programs
of today and tomorrow, we invite you to contact ^^ '^^ J^
us. Please write to Mr. S. A. Amestoy, Douglas f j/^
Aircraft Company, 3000 Ocean Park DOUGLASy^^^^,^^^^
Boulevard, Santa Monica, California, Box fiOD-M. / ^^^^^
Douglas Aircraft is an equal opportunity employer.
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Electronic Engineers
Mathematicians
Physicists
BS—MS— PhD
There's a bracing climate of spirited inquiry,
debate and experimentation at Sylvania Elec-
tronic Systems — an environment that prompts
bold, new ideas and nurtures them to maturity.
Small congenial groups that encourage
individual expression staff the 17 interrelated
laboratories located in suburban Boston, Buffalo
and San Francisco — and the reciprocal flow of
information among these laboratories provides the young
professional with a remarkable wealth of knowledge in the
current state of the art.
A major division of Sylvania Electric Products Inc.,
Sylvania Electronic Systems provides overall systems
engineering and management on major government projects
for the parent company. General Telephone & Electronics.
Our programs encompass almost all of today's advanced
electronic disciplines — space/earth communications, elec-
AN OPTIMUM
ENVIRONMENT
FOR
INQUISITIVE
MINDS
tronic reconnaissance, detection, countermeas-
ures, information handling, complex systems for
military command and control.
For example, the Division's newest task, as
prime contractor to the Air Force, is to provide
a blast-resistant ground electronics system for
command and control of unmanned Minuteman
ICBM sites.
Backed by the vast technical and financial resources of
GT&E, Sylvania Electronic Systems provides the young
engineer and scientist with broad-scope stability essential
for a rewarding career. SES's long-range growth pattern
gives substance to our concept of 3 parallel paths to advance-
ment — in technical specialization, technical management or
program/project management, with equal rewards in all.
For more complete details, see your College Placement
Director, or write to Mr. Robert T. Morton.
SYLVANIA ELECTRONIC SYSTEMS
Go%emment Systems Management
for GENERAL TELEPHONE ^ELECTRONICS,
L«z»y
40 Sylvan Road — Waltham 54, Massachusetts An Equal Opportunity Employer - U.S. Citizenship Required
JANUARY, 1963
Tfie Dean's Page . . .
SCHOLARSHIPS IN ENGINEERING
By Dean D. R. Opperman
The scholarship program in the Col-
lege of Engineering is big business. Over
one-quarter of the undergraduate engi-
neering students on this campus hold
some type of scholarship award with a
total value of over $200,000.00.
Scholarships held by engineers come
from a variety of sources. The largest
single source is the County Scholarship
Program, which awards tuition scholar-
ships on the basis of a county-wide com-
petitive examination. Though they are
not awarded by the College of Engi-
neering Scholarship Committee, we con-
sider them a part of the program of
scholarship aid available to engineers.
The second largest number of scholar-
ships held by engineers are the Illinois
State Scholarships. They are awarded on
the basis of state-wide examinations and
exempt the winners from tuition plus
fees. The winner may attend any college
or university in the State of Illinois and
receive up to a maximum of $600.00 for
tuition and fees. Since the program in-
volxes many schools, these scholarships,
similar to County Scholarships, are not
awarded by the engineering committee.
The College of Engineering Scholar-
ship Committee concerns itself with
making recommendations for scholar-
ships which are termed "cash scholar-
ships." This program is the third largest
program in the college both in terms
of numbers of students and in dollars of
value to undergraduate engineers. These
scholarships, supported by 40 industrial
corporations and foundations, may be
awarded only to students in the College
of Engineering.
Our scholarship program is a part of
the total scholarship program at the
University of Illinois. Therefore, in
order to assure maximum consistency in
the scholarship program at the univer-
sity, all scholarships originated by the
engineering committee must be for-
warded to the all-university Committee
on Special Undergraduate Scholarships
for final approval. Since the College
of Engineering committee works closely
with the all-university committee and
agrees with its policies for scholarship
awards, most of the recommendations
from our college are accepted by the
all-university committee.
What are the policies established by
the all-university committee? Tv.-o major
criteria must be met to receive scholar-
ship awards. First, and most obvious, is
that a student must have a high grade
point average. An average of 4.5, or
above, v%'ill give the scholarship applicant
top priority. The second category will
include students whose averages are be-
tween, 4.0 and 4.5. These two categories
include most of the scholarship awards
but a third category, 3.75 to 4.0, some-
times includes a winner. Students with
a\-erages below .175 have very little
chance of receiving any scholarship
award at the University of Illinois under
our current programs and procedures.
The second criterion that students
must meet is financial need. A state-
ment appears in the (jeneral Rules Con-
cerning University Organization and
Fiocedure as follows: "The recipient of
a scholarship or fellovcship shall be
chosen by appropriate university agen-
cies, in accordance with established cri-
teria based upon scholastic attainment
and financial needs." Since these rules
are approved by the Broad of Trustees,
it is necessary that all scholarship ap-
plicants have a financial need to be given
serious consideration for a scholarship
award. Incidentally, getting married be-
tween the junior and senior year in col-
lege does not alter the financial need
criterion.
Financial need is a factor difficult
to evaluate. In general, ownership of an
automobile greatly decreases the evalua-
tion of financial need whether or not
the automobile is on campus and oper-
ated by the student. The engineering
and the all-university coiumittees both
feel that if a student had a dire financial
need it would be possible for him to sell
his automobile and still be a student at
the University of Illinois.
Because of the complexity of evaluat-
ing financial need, the University of Illi-
nois is considering joining with 389
other institutions that subscribe to the
College Scholarship Service where finan-
cial need is evaluated by an outside agen-
cy. Only four Big Ten universities are
not members of the College Scholarship
Service.
Though most of the engineers holding
schoiaiships are found in the three
groups mentioned previously in this arti-
cle, a sizeable number of our students
win additional cash scholarships in com-
petition on a university-wide basis. The
Engineering Scholarship Committee re-
ceives approximately twice as many ap-
plications as there are awulable scholar-
shij^s. After all available engineering
scholarships are awarded in late spring,
the applications are forwarded to the all-
university committee. This committee is
charged not only with the responsibility
for approving awards recommended h\
the colleges, but also for awarding schol-
arships that the donor has not restricted
to any particular college of the univer-
sity.
The following figures will demon-
strate just how well engineers make out
in scholarship competition at the uni-
versity. Approximately 5,487 students
at the university hold tuition, state, or
cash scholarships or an outside award of
some tvpe, amounting to a total value
of $1,217,871.00 Of these totals 1,070
students are engineers who received
$210,928.00 worth of scholarship aid.
Though our enrollment consitutes only
18'; of the student body, our students
hold 20', of all scholarships having
17'; of the cash value of the scholar-
ships. Engineers can well be proud of
their scholastic attainment which makes
this record possible.
Unfortunately, in the above data
freshmen represent a minority group.
Most cash scholarships at the university
specify that they be awarded to sopho-
mores and above, since freshmen are a
big question mark until after their first
semester is completed. There are only
17 cash scholarships available to incom-
ing freshmen each fall to cover the needs
of the 900 freshmen that enter. Though
many of the freshmen will hold county
scholarships and Illinois State Scolar-
ships there is still a great need for addi-
tional aid for freshmen. Scholarship ap-
plications from top freshmen are always
encouraged though, so that the limited
number of scholarships will be awarded
to the most deserving students. How-
ever, a high school student planning to
enter the University of Illinois who
needs scholarship aid .should be sure and
take the county and state scholarship
examinations rather than depend upon
winning a cash award at the university.
There is no deadline for applications,
but the student who submits an applica-
tion after May 1 is definitely at a dis-
advantage since most of the scholarship
awards are made prior to May 1. If
you receive a letter about March 15
this year, don't delay in returning it to
us if you feel you could qualify for a
scholarship award.
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Tech Says . .
READ BETWEEN THE ARTICLES
Since the days of Hadacol the American public — which incidentally includes
engineering students — has been consciously and sometimes critically aware of
the impact of advertising on their lives. The irritating effects of 'Mellcw and
Mild Woshall' and a million more television and magazine commercials has
mode commercial advertising just short of the public's number one pet peeve . . .
to the point we often wish just a third of the clever advertising talent would be
used to improve the magazine articles and television programs. Even so,
the graduating engineer, who has assiduously studied for four years under a
protective umbrella created by the seemingly infinite demand for engineers, can
benefit greatly in the proper job selection from a unique type of "advertising"—
as distinguished from advertising.
The proud engineering graduate who agily enters room 109 Civil Engineer-
ing Hall (the Engineering Placement Office) should not expect to reactively select
an industrial employer. For instance, electrical engineers rapidly recognize the
names of the larger companies such as General Electric, Sylvania, and Raytheon,
but what do the other 450 less familiar companies, several of which the student
engineer has never heard of, have to offer? Conversely, what do the larger com-
panies have that the smaller ones lock—except bigness?
You just passed over five answers, or at least leads, as you thumbed to
this editorial . . . Yes, ECMA "advertising." Don't overlook Bobcock and
Wilson's comparison of large and small companies, p. 21.)
cCMA (Enginering College Magazines Associated) "advertising" not only
provides over SI, 300 in "advertising" revenues to each TECHNOGRAPH issue, but
it is one of the chief means utilized by industrial companies to inform engineering
students of the types of products being developed and manufactured and the
engineering manpower required. Their training and advancement programs re-
ceive equal attention, and timely tips on interviewing and management oppor
tunities are discussed, in fact, ECMA "advertising" represents the mos
personalized student-company contact currently used by industry.
o t
Check over the "ads" appearing in this and other issues of TECH. As odd
OS it may seem. Ford has not tried to sell you a new car, nor has Collins adver-
tised a radio. All "ads" are designed to acquaint on invaluable future company
asset — you, the graduating engineer — with the company. The companies'
future well being hinges upon advanced techn'-.logy, and you represent that
source.
Likewise, your future success depends upon your selection of the right com-
pany. How else can an engineering graduate intelligently select the right em-
ployment without first obtaining a firm knowledge of the company? Take a few
minutes to carefully study the "ads"; utilize the additional free information
available by personally writing the various companies; learn the diverse engi-
neering positions available; discover which company meets your specifications;
and remember, you are not only selecting a company, but the company is also
selecting you. Only by exhibiting a genuine interest in and well informed
knowledge of the company, as well as meeting the technical requirements, can
you expect to receive a job offer.
Start now! Read between the articles in TECH, and see what we mean by
"advertising." The time to become familiar with the wide variety of industrial
companies — your future employers — is nov/, not the week you graduate.
by Gary M. Daymon
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National Powders the Polyethylene Pellet
. . . and opens up a new world of plastic applications
Magical things happen when polyethylene resin— usually
shipped in barley-sized pellets— is made the consistency
of flour. The powder can perform like a liquid. It can be
sprayed, cast, used for coatings . . . stirred as an additive
in waxes and lubricants . . . molded into products so large
as to be prohibitively expensive if made by any other
plastics process.
Since National's U. S. Industrial Chemicals Co. divi-
sion introduced microtheneb' powdered polyethylene
resins two years ago, end-uses have sky-rocketed. One
example—molded auto carpeting backed with poly-
ethylene coating. Another—new popularity for rotational
molding of hollow plastic items.
MICROTHENE typifies the customer-oriented product
development made possible by National's expansion in
plastics. Among the latest developments are: (1) forma-
tion of 50 per-cent-owned Alamo Polymer Corporation to
manufacture polypropylene resins and films in Texas,
(2) creation of U. S. I. Film Products to market poly-
olefin films and packaging, and (3) near completion of a
linear polyethylene plant— also 50 per-cent-owned.
As the only company now on record with plans to produce
all major types of polyolefin resins and film. National is in
a unique position to meet customer needs and to make the
most of growth situations in any area of the polyolefin
plastics and film market.
A Career at National . . . National is moving ahead.
Chemists, engineers and metallurgists seeking an un-
limited future in plastics, chemicals or metals are invited
to contact our Professional Employment Mgr., 99 Park
Avenue, New York 16, N. Y.
NATIONAL DISTILLERS and
CHEMICAL CORPORATION
Dmsions: NATIONAL DISTILLERS PRODUCTS CO. • U. S. INDUSTRIAL CHEMICALS CO.
Growing in these major areas of service:
Liquors • Chemicals • Plastics • Fertilizers • Metals
• BRIDGEPORT BRASS CO. FEDERAL CHEMICAL CO.
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Opportunities at Du Pont for technical graduates -second of a series
BAYMAL!-one of our many new products
that could launch a thousand careers
New careers are important by-products of Du Pont research.
Developing BAYMAL* is a case in point.
BAYMAL is a white, free-flowing powder. It's intentionally
synthesized into submicron-sized fibrillar particles about 5
millimicrons in diameter and about 200 millimicrons in length.
These small particles display a number of properties com-
pletely different from other types of alumina now available.
Dispersibility to form stable sols with unique thixotropy,
viscosity and film forming characteristics is one of its notable
properties. Our photos illustrate another. Shake a BAYMAL-
and-water solution and it will pour. Let it sit awhile and it will
gel — won't pour unless you agitate it again.
We see dozens of potential uses for BAYMAL. But it's up
to our development men to bring this new product to com-
mercial maturity, and here is where careers are born.
You see, from the day we examine a sample of the chemical
to the day a full-scale plant starts turning out the finished
product, years may elapse—years of patient work by chemical
engineers developing processes and assembling basic data
for process design, by mechanical engineers who must create
new equipment to make the product, by electrical engineers
whose job it is to develop control systems to meet the needs
of the process.
And BAYMAL is just one of literally hundreds of new prod-
ucts under development at Du Pont. Each one gives promise
of new and rewarding careers for technical men-perhaps like
yourself-preparing to enter industry.
If you'd like to receive information about employment op-
portunities at Du Pont, and to know more about BAYMAL and
other new Du Pont products featured in our "Opportunities"
series, use our coupon. Mail it today,
i Du Port's registered trademark for its colloidal alumina
WM:
BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY
An equal opportunity employer
E. I. du Pont de Nemours & Co. (Inc.)
Nemours Building, Room 2531-1, Wilmington 98, Delaware
Please send me the literature indicated below.
n Du Pont and the College Graduate
n Mechanical Engineers at Du Pont
n Engineers at Du Pont
n Chemical Engineers at Du Pont
n "Opportunities" series technical information
Name_
Class_ _Major_ -Degree expected.
College
My address.
City Jone_ _State-
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ZETETICS — The Science of Research
by Larry Druffel BSEE '63
The Man:
Jose|ih T. T\ kociiier was born Oct.
5, 1877, in Vioclavek, Poland. After
graduating from the Higher Technical
Institute at Coethen in 10(11, he studied
in Rerh'n ;ind Got'ttingen, Germany.
Throughout his academic career, he
realized that the significant information
was not in the already published text
books, but rather in the few existing
technical journals. As a student, he de-
voured whatever literature was a\ail-
able, always awarding top priority to
communication and basic research. At
the age of 25, he was interviewed by
the chief engineer at Marconi Wireless
Telegraph Company of Chelmsford,
England. To the surprise of that inter-
viewer, Joseph T>kociner was well
versed in the communication technology
of the time. Since the schools did not
offer courses in wireless communication,
Joseph's knowledge was rare for a new
graduate.
In 1904, he became a research engi-
neer at the Telefunken Wireless Tele-
graph Company of Berlin. The next
year found him organizing a radio de-
partment in Russia for the Russian Sie-
mens Company in St. Petersbiug, where
he stayed until 1918. While in Russia,
he developed and installed radio equip-
ment for the Russian Armed Forces,
making the Russian Xavy the first com-
pletely radio equipped nr.vy in the world.
He returned to Warsaw, Poland, in
1918 to do research work at the Radio-
logical Laboratory of Warsaw. In 1920,
Joseph came to the United States to
work for Westinghouse Electric. He be-
came a research professor of Electrical
F2ngineering at the University of Illi-
nois in 1921, and professor in the grad-
uate school in 1929.
While at the University of Illinois,
h:' developed sound on film which ex'ent-
ually pa\'ed the way for tlie first
"talkies." At tlie time he developed his
"Actophone," a leader of the film in-
Prof. Joseph T. Tykociner
dustry, Cieorge Eastman, ad\ised a
faculty member of the Uni\er^ity rliat
sound film would ne\er be accepted by
the public. The university chose not to
further the development of the "Acto-
phone," which utilized the same meth-
ods as modern sound movies.
This incident presents a good view
of the character of Joseph Tykociner.
Undoubtedly, he is a pioneer in the field
of electronics. On many occasions, \\-hen
arriving at the crossroads of electronic
breakthrough, other pioneers have fol-
lowed the trails previously blazed by
Joseph T. Tykociner. However brilliant
he is, Joseph is a quiet, culturally sensi-
tive man. When discouraged, he was
content to let his great invention be-
come the property of the public. Content
in the realization of his own success, he
sought no ricclauu or monetary compen-
sation.
Later, while experimenting with an-
tenna models in a iiasture, he noticed
that distant cows were bothered by his
device. He was unable to continue be-
cause of this ill effect. The investigation
which was discouraged from completion
became the property' of the public and
years later led to various applications of
short waves, such as radar and direc-
tion finding. Here again, his scientific
prescience is aparent : so far ahead of his
time that others had to catch up before
they could appreciate and use his ideas;
so unasserting as to be swayed from pe-
cuniary rewards.
Some of his pioneering work includes
antenna models, high frequency measure-
ments, dielectrics, peizoelectricity, pho-
toelectric tubes, and microwaves.
At the age of 84, long after othei
men have forsaken their careers, Joseph
Tykociner is still a pioneer; still try-
ing to give a deaf world the benefit of
his mind.
He is founding a new science of Ze-
tetics (from the Greek "zeteto" to in-
vestigate ) , which is the science of re-
search. To many, it comes as a shocking
surprise that such a science does not
exist. Considering the many years of re-
search witnessed by recent generations
and the breakneck pace with which it is
being conducted, a science of research is
logically long overdue. Psychologically,
however, the public does not seem ready
for it. Once again, Joseph Tykociner
may be too far ahead of the world. After
a lifetime of research, he has become
aware and sensitive to the sometimes
haphazard research methods. He has
realized the need for a science of re-
search ; but has the rest of the world ?
He has responded to that need, but is
the world prepared to receive it?
In 1939, Joseph Tykociner consoli-
dated much of his work in his privately
published book. Research as a Science
—
Zetetics, which is distributed by the
University of Illinois Experiment Sta-
tion. This fall, he returned to the Uni-
versit\- to teach the first course in Ze-
tetics, which he will repeat again in the
spring.
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"Zetetics is the totality of recorded, systematized knowledge
related to such as
methods of research
mental processes
psychological factors and
environmental conditions
lead to new problems
stimulate crective imagination
enhance selective thinking and
generate original, fruitful ideas."
Joseph T. Tykociner
His Work:
To avoid Semantic misunderstanding,
Priitessor T\kociner has specified the
definition of three key words. "Knowl-
edge," he says, "is the totality of infor-
mation preserved by culture. Science is
the sum total of recorded systematized
knowledge thus far accumulated by the
human race. Research is the striving for
new knowledge."
In the study of a science, the first
consideration must be to fundamentals
and foundation. The foundation of ze-
tetics is knowledge, which is presented
to us in the \arious sciences. His first
step was to categorize man's knowledge.
-After 36 years work. 1400 arts and sci-
ences have been catalogued. .Althougii
this list does not include every known
art and science, the missing number is
quite small and is still under attack.
Each of the arts and sciences fits into
one of twelve areas of knowledge. Pro-
fessor Tykociner has illustrated the to-
talit\' of knowledge in a \ery interesting
illustration shown in Figure 1.
Region I, tile dark region surround-
ing the four concentric circles repre-
sents that knowledge which is inac-
cessable to man because of his limita-
tions. However, if evolution continues
to favor man by increasing his mental
faculties, the dark region can be pene-
trated. Region n, that of the outermost
gray circle, represents knowledge which
is accessable but as yet unknown to man.
Region HI contains all knowledge of
which man is aware but has not s\s-
tematized (i.e., all knowledge that is
not incorporated into one of the ac-
cepted sciences). Region IV encompasses
all science. Region V has been reserved
for a complete integration of human
knowledge.
Regions IV and V are of the greatest
interest in the explanation of zetetics.
Region IV is divided ii to twelve areas
of knowledge.
(1) Ar the arts
"The arts are the results of creative
activity ( zetesis ) wliich, i ninsified b\-
Figure 1. Diagram of knowledge classified into regions and areas.
inspiration, produces objects of aesthetic
qualitv. " This is the area of knowledge
in which symbolic patterns are formed
in various media to represent life. These
include: architecture, music, painting,
choreography, sculpture and literature.
(2) Sy Symbolics of Information
Herein lie the tools used b\ all sci-
entists. These are the various sciences
of systematic communication, with which
the scientist not only thinks but also
communicates his thoughts to others.
.Mathematics, linguistics, logic, informa-
tion theory and conceptolog\- are the key
sciences in this area.
(3) Hy [Hylenergetics
The >ciences de.iling v.ith matter and
energ\- represent one of the more diverse
areas of knowledge. The sciences in this
area are man's application of the previ-
ous area, the Symbolics of Information,
Phvsics, chemistry, astronomy, geology,
and mineralogy are the basic sciences.
(4) Bi Biological Sciences
Science moves to consideration of life.
There are many sciences concerned with
the stud\ of life, but all are unified by
the principle of evolution. Botany,
zoology, morpholog)', genetics and physi-
((Jonliniietl on Peu/c 14)
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Opportunities are better tlian
ever at Bettileliem Steei
!
What kinds of engineers do you find with Bethlehem?
Here's the answer: Chemical Engi-
neers . . . Civil Engineers . . . Elec-
trical Engineers . . . Industrial
Engineers . . . Mechanical Engi-
neers . . . Metallurgical Engineers
. . . Mining Engineers . . . Naval
Architects and Marine Engineers,
and more.
Every major engineering degree is
represented within the manage-
ment ranks here at Bethlehem Steel.
It makes sense. The mining and
processing of minerals obviously
suggest the need for Mining Engi-
neers. Then come the chemical
processes of coke-making, smelting,
refining. Fuels are consumed, valu-
able by-products are made. Is it
any wonder steelmaking calls for
Chemical Engineers?
And how about the machinery, the
mills, the furnaces, the instrumen-
tation that make up a modern steel
plant? Mechanical Engineers de-
sign them, and frequently super\ise
installation. Civil Engineers design
and put up the buildings to house
them, and the feed lines to keep
them supplied.
Power? .Steel is the biggest indus-
trial consumer of electric power.
You cannot conceive of a greater
concentration of electrical equip-
ment than in a modern steel mill.
And many steel plants generate
electric power, too. Electrical Engi-
neers are busy fellows in the steel
industry.
Steelmaking calls for volume pro-
duction, complex and scientific,
often highly automated. We manu-
facture numerous finished products,
too, from nuts and bolts to nuclear-
powered cruisers. The Industrial
Engineer finds plenty to do here
at Bethlehem.
What's more, the kind of engineer-
ing degree does not limit a Looper's
assignments. The superintendent
of a huge open-hearth department,
or a giant rolling mill, might well
be an M.E., a Ch.E., a Met.E.,
an I.E., or C.E.
Sales Engineers
Because of the nature of our
products, a man with a technical
background and a "sales personal-
ity" has a great opportunity in
sales with Bethlehem Steel.
Research
Our research policy and our
magnificent new research labora-
tories, in Bethlehem, Pa., offer
unexcelled opportunities for re-
search and development engineers
and scientists. The exciting results
of research promise bright pros-
pects for all Bethlehem operations.
Shipbuilding
As the world's largest privately
owned shipbuilding and ship repair
organization, Bethlehem offers ca-
reers to Naval Architects and
Marine Engineers, as well as to
engineers in many other categories.
The Loop Course
This program was established
some forty years ago, to select and
train well-qualified college gradu-
ates for management careers in the
Bethlehem organization. It was so
named because of an observational
circuit (or "loop") of a steel plant.
After a five-weeks' basic training
period, which is held once a year at
company headquarters in Bethle-
hem, Pa., loopers receive their first
assignments, which call for special-
ized training that may last for a
few weeks or for as long as a year.
Next comes on-the-job training,
and the looper is on his way.
An equal opportunity employer
BETHLEHEM STEEL
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The sky is not your limit
You're looking at an historic first — a 238.857 mile lunar
bull's-eye scored by a team of scientists from Raytheon and
the Massachusetts Institute of Technology, using a powerful
new Raytheon-developed laser light beam. This success typifies
the far-ranging variety of advanced projects challenging young
engineers and scientists at Raytheon today.
For EE's, math and physics majors — in all the varied
fields of engineering and science — Raytheon offers unlimited
opportunity for growth and continuous advancement.
Personal career development is encouraged by a wide
variety of educational assistance . . . seminars, special courses
to meet individual needs and work-study programs leading to
advanced degrees from renowned universities are all available.
You may well qualify for one of the exciting, career-
building projects underway at Raytheon. Originality, imagina-
tion and high technical competence are your tools— the
rewards are prompt and appropriate for success.
For detailed information, arrange an on-campus inter-
view through your placement director or write G. W. Lewis,
Manager of College Relations, Raytheon Company. Executive
Offices, Lexington 73, Mass. An Equal Opportunty Employer.
Raytheon offers opportunities for BS, MS and
Ph.D. levels in •Solid State •Microwave Electronics
• Infrared • Lasers • Communication & Data Processing
• Radar • Missile Systems • Sonar • Electron Tube Technology
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Zetetics . . .
( (Ujiitiniud from Ftu/c 11)
ology are all concerned with the living
world. Biophysics and biochemistry pro-
vide the link to area three.
(5) Ps Psychological sciences
Science progresses to encovinter a
higher form of life—man. The link with
area four is provided by physiology.
(6) So Social Sciences
"In the sector So, knowledge is being
collected and systematized relative to
phenomena and conditions which pro-
duce, sustain, or change the various
forms of individual and group life." The
link with area five is self explanatory
by definition of the related sciences. The
study of man naturally leads to the
study of his behavior and group living.
(7) Ex Exeligmology
The study of man's social behavior
requires knowledge of his evolution and
history. Area seven is concerned with
studying the past.
(8) Pr Pronoetics
Science turns to providing for the fu-
ture. Agriculture, medicine and engi-
neering help to sustain future life.
(9) Re Regulative Sciences
{Social Cybernetics)
Ciroup living requires law and gov-
ernment. Jurisprudence and economics
become the key sciences here. Pacifies,
the new science of peace, provides a link
with pronoetics.
(10) Di Disseminotive Sciences
To maintain progress from genera-
tion to generation, transmission of in-
formation must be accomplished. Li-
brary science, education, and journal-
ism are useful in such transmission.
(11) Ze Zetetic Sciences
"The area of knowledge concerned
with research activity may be called ze-
tetics. For there is a Greek word ze-
tetics which means the activity of ni-
vestigation. Thus, zetetics is a suitable
word to designate this whole area, which
includes the following subdivisions:
1. Zetegeny studies the origin of sci-
ences and zetesis as an evolutionary
process.
2. Taxilogy is concerned with classi-
fication of the sciences, in particular
with maintaining an inventory of sci-
ences and discovering gaps in the sys-
tem of sciences.
3. Problematology treats the selec-
tion and formulation of problems with
the purpose of discovering gaps in par-
ticular sciences.
4. General methodology treats the
methods of research common to all sci-
ences and endeavors to provide a gen-
eral terminology usable in all sciences.
5. Psychology of zetesis studies the
abilities required for research, especial-
ly creativity.
6. Environmental conditions and in-
centives which stimulate zetesis.
7. Education for zetesis.
8. Or '.ation and development of
research centers.
(12) In Integrative Sciences
Within this group fall the sciences
which attempt to integrate other sci-
ences to discover the relationship of the
whole: to find the meaning of life.
Philosophy and theology are the import-
ant sciences in this area.
The zetetic circle of knowledge is
complete. The logical step from philoso-
phy is back to area I, the arts. Between
e:ich of the areas of knowledge lie sci-
ences that are on the borderline. These
sciences, some of which were pointed out
in the explanation of the various areas,
are called intersciences and serve to
strengthen the relationship between ad-
jacent areas.
The individual sciences are represent-
ed in the figure by small circles. The
intersciences are those drawn on the
dotted borders. Each of the circles has
several short lines emanating from it.
When a relationship is found between
two sciences, a line will be extended
to connect them. One of the more signi-
ficant problems facing zetetics is to find
this relationship between sciences. Ulti-
mately, the zetetic circle will resemble
a large electrical field map in which
lines of influence will be drawn inter-
connecting many of the circles in a
spiderlike network. This is the explana-
tion of why Region V was left blank.
When zetetics has successfidly found the
interrelationship of man's knowledge,
Region V can be completed.
By design of its originator, the zetetic
map will be to research as the periodic
table is to chemistry. When the inter-
relations between sciences are realized,
definite gaps will appear. These gaps
will enable man to develop new sciences
and find new information in fields that
he knows must exist.
This explanation onh' serves to out-
line the ideas contained within the map.
Detailed study is required before many
of the deeper and more subtle ideas are
realized. The author strongly recom-
mends more extensive meditation.
From a lifetime of research. Profes-
sor Tykociner has noted some definite
(litfalls in research which zetetics will
help to cure. Currently, research topics
are selected rather haphazardly, but with
the aid of the zetetic map, wiser choices
will be indicated by the gaps presented.
Researchers have the tendency to crawl
into a very narrow groove thereby be-
coming oblivious to answers which
should be obvious. If, however, they
were to broaden their interests and edu-
cation to include two or more related
sciences or areas of knowledge, new ave-
nues of approach would be readily avail-
able. One of the secondary conclusions
of zetetics is the need for generalized,
as well as specialized education. Pro-
fessor Tykociner considers the ideal re-
search team as composed of men who
are well acquainted with at least one
science in each of two areas of knowl-
edge.
Zetetics, when more widely accepted,
will have a profound effect upon educa-
tion. Students will be prepared either
for research or for other functions in a
chosen career. The two types will work
in closer conjiuiction when employed,
but in school their work will be quite
different. More emphasis will be placed
upon the history of great discoveries, re-
search psychology, techniques and com-
munication.
This significance of zetetics may not
be immediately grasped: mostly because
research men are so engrossed in the
technical problems that they have not
yet realized the world that lies beyond
their laboratory. Those most in need of
zetetics are educators and research foun-
dation administrators. The first question
they always seem to ask "Will it make
monev ?" This is not the question to ask
the founder of a science. That is not his
luoblem. Basic research is not responsi-
ble for application but rather for the
discovery of the information.
Joseph Tykociner has systematized a
world of knowledge and formed a science.
He has found new knowledge in this
science and has given it to the world in
his book. History has proven that basic
information is seldom applied to the
practical problems by the men who dis-
covered and organized the knowledge.
Witness as examples the histories of elec-
tricity. Maxwell's laws, Herzian waves,
and the transistor. To ask the basic sci-
entist for application is an unfair and
irrelevant query. Joseph Tykociner has
given the world a new science. It is up
to others to apply it.
Voiceprint Identification
In the near future, voice patterns may
be used for identification as fingerprnits
are today. Bell Telephone Laboratory
scientist Lawrence Cj. Kersta has found
that by using a spectrograph machine,
voiceprints can be recorded on a paper
drum. The pattern produced is a specto-
graph that shows voice energy versus
frequency. In tests, voiceprints of differ-
ent people repeating the same word were
recorded on cards. After shuffling,
trained subjects grouped the cards ac-
cording to what he thought represented
the speakers, (^ut of 25,000 decisions,
these trained people were over 97 per
cent correct.
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Illini Engineers in Industry
ENGINEERS
WHO AREN'T
By Larry Balden, EE '64
This article is the second in the series written
by Illinois Engineering students in summer industry.
This summer, I worked for a com-
pany which hires a great many engineer-
ing graduates; yet. I had httle use for
my slide rule. I was among the ranks
cf inffiiu'in: iiho aren't. Was I a fish
out of water? Not a bit. and I'll explain
why since other engineers may find
themselves in the same situation in a
summer job or full-time employment.
First, how was my job different from
jobs of enyinven- u ho arc? These genu-
ine ones can be found in the Engineer-
ing Department where they will be con-
cerned with research, design, and de-
velopment of new systems or elimination
of problems with established systems.
I was in no way connected with that
department. Instead I worked for the
Plant Department of a telephone com-
pany, which is responsible for maintain-
ing the physical facilities they ov.ii. This
encompasses so much equipment, such
as lines and cables, switching offices,
and microwave relay stations, that the
Plant is divided into two parts, "inside"
and "outside. " I worked in "inside."
which takes care of housed facilities
consisting mainly of toll (long distance)
and local switching systems.
You may still think that my gills
were getting dry. because this doesn't
seem yet to be akin to the engineer's
natural habitat. Even so, many of the
management personnel for whom I
worked were engineers, primarily elec-
trical and mechanical. My boss for the
first few weeks was a switching office
foreman who had gained his degree in
electrical engineering about a year and
a half before. His own immediate supe-
rior was also an engineer, as were many
of the other management people. There
is a simple reason for their presence
:
the complexity of the equipment requires
the technical background of an engineei'.
There was a different reason for my
presence, since I was certainh' not in
management. M\' work was similar to
that of an apprentice. The only differ-
ence was that I was not seeking mastery
of the skills; I was only learning some-
thing about many jobs in order to find
out what was involved in each and to
get an idea of the overall operation. I
learned several of the skills of the crafts-
men. For instance, I was taught how to
make the various cross connections
necessary to get a new subscriber's tele-
phone into the switching network. After
studying the circuit prints and books
describing their operation. I was able
to repair component switches. One spe-
cial assignment was to rind the reason
for a certain annoying click in the tele-
phone receivers and recommend a way
to stop it. This was the closest I came
to engineering all summer.
While tlie work seemed at rimes
tiitiing, I found it absorbing as well as
good experience. Also my job paralleled
the company's regular training plan,
which is known as the Management
Assistance Program, or MAP. It is the
type of rotational training many young
graduates will go into. Hut MAP is
more than the usual keep-moving-until-
)ou-find-your-niche system. It is meant
to gi\e the trainee an overall view of the
company. My job was similar to M.AP
in that 1 also got to see the operation
from the point of view of the people
I may later super\ise as do the trainees
in that program.
To this end, the trainee spends two
weeks in each department as a regular
ep.iployee. For instance, he may be a
service representative in the Business
Department, or he may be a craftsman
in the Plant, or he may work as an
operator. The stint as operator is the
one they tell about when they are out
of the program. The trainee's deep
voiced. "Operator" is met by such re-
plies, "\o, I want the operator," or.
"Oh my. are the girls on strike again?"
or just by silence and a click.
During this round, the new man
meets many of the situations and prob-
lems of the regular employee and gains
respect for his position. Next, the trainee
rotates through the departments again
for a longer period of time in a super-
visory position, and the problems he en-
counters are different. He has a "coach"
to whom he can address questions. There
uill be frequent conferences at which
the coach will discuss the man's progress
;uid offer suggestions to liehi him along.
One such trainee worked as "frame"
foreman in the main switch office with
me. The "frame" is where the switching
system and the lines out to all the tele-
phones meet. Every time a phone is
installed, removed, or changed, the cros.s-
connections on the frame must be suita-
bly altered also. The frame foreman in
a large office is in charge of the frame-
men who do this work. It is his respon-
sibility to see that the service orders are
worked and recorded. When an event
like the Illinois State Fair requires hun-
dreds of phones to be installed, he must
coordinate the work. In all his training,
the new man must meet, work with,
and obtain the cooperation of many peo-
ple. Experience he gains is valuable
whether he decides to take ad\antagc
of the opportunities in management or
to work among the engineers icho
are.
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DEEP SEA
DIVERS
TO
SPACEMEN
DIVERSITY— U. S. Rubber makes 33.000 products in 1,200 lines that are used by almost
everybody, from deep sea divers to spacemen. In our 22 divisional laboratories
or in our Central Research Center, there is a challenge for almost any technical
,of engineering specialty.
LEADERSHIP—Our research sets the pace for the industry. More than 100 years ago
U. S. Rubber made the first manufactured vulcanized rubber product; more than
60 years ago, the first pneumatic automobile tire; more than 40 years ago, the first
research on synthetic rubber. Today we contribute our resources and skills to
atomic research, to oceanographj', to the latest design in space stations, to hundreds
of other exciting projects.
VITALITY—U. S. Rubber uses to the fullest the professional skills of its 2,000 engineers
and research personnel, encourages individual responsibility in an atmosphere of
freedom. Our research and development people, in the last five years, have obtained
457 patents, more than our two largest competitors combined.
OPPORTUNITY—U. S. Rubber recognizes the importance of our technical staff, knows
that the answer to tomorrow's problems is already in the minds of its engineers today.
"U.S." rewards individual contributions. Many in our top management started as
engineers or technicians with the company. The president of U. S, Rubber is a chemical
engineer, several vice presidents hold engineering or technical degrees.
STABILITY—U. S. Rubber is one of America's 50 largest industrial companies, with
more than 119 years of industrial experience, operating 74 plants at home and abroad.
We are a polymer industry with less than half our business in tire manufacturing.
U. S. Rubber is one of the nation's largest textile manufacturers and leading chemical
producers. "U.S." provides good working conditions for more than 40,000
employees in the United States, another 30,000 abroad.
Inquire about a career with "U.S." Our recruiters will be visiting your campus soon.
Sign up for an interview at your Placement Office. -—
United States Rubber
•*^ '."
""-^fiRl
An Equal Opportunity Employer 1230 AVENUE OF THE AMERICAS • NEW YORK 20, N. Y.
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Calvin W. Emerson, Purdue BSME
'60, MSME '62, inspects hollow air-
cooled turbine blades after a test
run of a first-stage prototype wheel
in a turboprop engine power sec-
tion. Emerson is one of numerous
young engineers engaged in applied
research on advanced gas turbine
engines now under development by
the Allison Division of General
Motors. Blades of the type shown
in the wheel have played a major
role in boosting horsepower as
much as 63°„ in development en-
gines. These air-cooled blades
operate in higher inlet gas tempera-
tures with a lower blade surface
temperature than uncooled blades,
making possible improved fuel con-
sumption as well as increased
horsepower output.
THE ENERGY CONVERSION DIVISION OF
GENERAL MOTORS, INDIANAPOLIS. INDIANA
• ADVANCED TURBINE ENGINE DEVELOPMENT—Allison,
world leader in the design, development and production of turbo prop
engines, is extending their capabilities to meet changing military needs.
Current programs greatly advancing the state of the art include
developments for V/STOL applications and programs to ma.ximize fuel
economy and range through air cooled turbines and high temperature
regenerative cycles.
And, in other fields, first and second stage rocket engine cases designed
and produced by Allison for Minuteman have achieved a 100 per cent
reliability record. Allison's steadily growing competence in the field
is reflected in the forward strides made in titanium and glass filament-wound
ICBM cases. Also, Allison has developed a highly efficient regenerative
liquid metal cell that may point the way to a powerful. \cl compact,
electrical system for space-age applications.
Atomic Energy Commission's announcement of negotiations w iih Allison
as prime contractor for development of MCR (Military Compact Reactor)
also creates long-range opportunities in the nuclear field. Perhaps there's
a place for you in the creative environment at Allison. Talk to our
representative when he visits your campus. Let him tell you first-hand
what it's like at Allison where "Energy Conversion /.v our Business."
An equal opportunity employer
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Glean Hi-Fi Sound
. . . from a sewer pipe
by Jim Walters EE'65
ACOUSTICAL
PADDING
22
71 [T r
J L^ L
Last June, an article in Popular FJcc-
tronics entitled "Clean Sound from the
Drain Pipe 8" gave plans for building
a new type of hi-fi enclosure at a cost
under $10.00. Since the cheapest finished
wood enclosures cost a minimum of $30
each, with kits about $20, this was an
interesting prospect. However, one just
doesn't put a sewer pipe in his living
room without first giving it some con-
sideration.
Meanwhile, I persuaded a friend into
letting me build two of these imits for
him. He liked the low cost and eflicient
services afforded by the heavy sewer
pipe enclosure. Its 100 pound weight
greatly reduces distorting vibration so
often found in most wood competitors.
Belonging to the bass reflex family, this
tile enclosure affects only the low end of
the sound spectrum (300 cycles per sec-
ond down). In this range, the bass vi-
brations from the front and rear of the
speaker tend to cancel—leaving weak
bass response.
This bass reflex enclosure, by means
of tuned cavities and bass port, reduces
this resonant frequency intensity and de-
lays the phase of the bass coming from
the rear of the speaker to boost that from
the front. The listener, then, enjoys
music that neither lacks bass nor booms
when heard with the rest of the orches-
tra sounds.
Enough of theory, let's gather the
supplies. The three foot lengths of sewer
pipe come in two standard inside di-
ameters : eight and ten inches. To give
maximum resonant \"olume, the ten inch
in preferable. Its cost at a cement \ard
is about $3. The wood for the center
filter and ends can be obtained at a hnii-
ber yard for about $1.30. The acoustical
material (fiber glass insulation) can be
picked up at the same time for $2.
The metal or plastic funnel, to be
used as a treble diffuser, costs 25c at
the local hardware store. The plaster of
paris for adding ballast to the treble de-
flector and a new non-hardening com-
pound for mounting the end assemblies
on the sewer pipe cost $1. This com-
pound seals ruggedly, yet can be broken
\vhenever the speaker is to be changed.
Most "dime" stores carry the 3' length
of vinyl-covered foam plastic weather-
stripping for filter gasket. The miscel-
laneous items, such as glue, wood screws,
tacks, brads, and additional material for
padding can probably be found around
the basement, if needed.
With the necessary supplies on hand,
it's time to start cutting the wood. The
outside dimensions (see Fig. 1) for the
circular pieces labeled ^-J . B, C, and D
are to fit the irregularities of the tile.
Marking is best accomplished by setting
the pipe on the wood and following the
pipe contours with a pencil (parts J. B,
and C). Part D can be copied from C.
The speaker and bass port holes through
parts C and A should be cut as specified
by the drawing. Although there are
many ways to make circular cuts in
wood—lathe, drill, coping saw—an easy
way is to drill a J^" hole in the wood
outside the piece to be cut and use it
as the starting place for an electric saber
saw. The circular cuts can be completed
in about two hours. Part B should be
cut smaller than marked to permit at-
taching weather stripping. The rectangu-
lar parts labeled £ can be easily cut with
a rip saw.
BILL OF MATERIALS
3' section of 10"-i.d. sewer pipe, concreto or glazed tile.
15x50" sheet of ^ii" plywood (for parts A, B, C, D).
lV'>"x4V2" pieces of %" pine (for parts labeled E).
'4"xH" piece of V2" pine (for funnel support F).
22x30" sheet of 1" polyurethane foam plastic (for lining above filter).
15"x30" sheet of 1" polyurethane foam plastic (for lining below filter).
3' length of vin.vleovered foam plastic weather-stripping (for filter gasket).
51/0
"x36" length of grill cloth (for side grill).
Package of "wood" tape (trim).
4" or 5" plastic or metal funnel (for treble diffuser).
8" PM speaker
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Engineers
In Choosing a Career,
Consider these
Advantages—
LoCdtion: Fisher is basically an "Engineering"
company with 1,500 employees located in a
pleasant midwest community of 22,000.
It's less than 10 minutes to the Fisher plant
from any home in Marshalltown.
Type of work: You'll become a member of
an engineering team that has produced some
of the outstanding developments in the field
of automatic pressure and liquid level controls.
Growth : Fisher's products are key elements
in automation which assures the company's
growth because of the rapid expansion of
automation in virtually every industry.
Advancement: Your opportunity is
unlimited. It is company policy to promote
from within; and most Fisher department
heads are engineers.
^
If you want to begin your engineering career
with one of the nation's foremost research and
development departments in the control of
fluids, consult your placement office or write
' directly to Mr. Cecil Johnson, Chief Engineer,
Fisher Governor Company, Marshalltown, la.
If it flows through pipe
anywhere in the world
r.hances are it's controlled by. flSHElt
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Advantages of working for a large company:
1. Formal training program.
2. A variety of available positions.
3. Wide choice of geographic locations.
4. Greater job security.
5. Extra benefits-financial aid for advanced studies,
retirement plans, hospital plans, life insurance.
-(.^tn^,],^am:i^:i2,^:i!th-'r^. ...'r^'. r.'iSiTrmrTrw,
Advantages of working for a small company:
1. Fewer steps to the top.
2. Individual attention by top management.
3. Greater growth opportunity.
4. Earlier responsibility.
5. More opportunity to handle complete projects.
Ji-*><i-,>s.«> r^r I'l' [:
Why B&Wcan offer you the advantages of both
For every college graduate-to-be
there is usually an optimum size
company where he will find his great-
est opportunity.
For many students, this company
could be Babcock & Wilcox.
Babcock & Wilcox is a large, pro-
gressive company. For example,
1962 sales were over $300 million.
Every year B&W invests many mil-
lions of dollars in research and de-
velopment. B&W has all the advan-
tages of a large company: formal
training program, wide variety of
job openings (17 plants in 8 states),
plus the security and benefits of a
large, 95-year-old organization.
Babcock & Wilcox also can be con-
sidered a small company. There are
150 larger industrial companies in
the U.S. Growth opportunities are
tremendous. Only 60 bachelor-level
students will be hired in 1963. This
select group will be given an oppor-
tunity to work on important projects
at an early stage in their careers.
If you are interested in the size of
the opportunity rather than the size
of the company, your placement of-
fice has a new booklet that describes
openings for graduate and under-
graduate engineers and scientists,
includingE.E.,Ch.E., iM.E., Met.E.,
Cer.E., Nuc.E., chemists and physi-
cists. Or write to J. W. Andeen, The
Babcock & Wilcox Company, 161
E. 42nd St., New York 17, N. V.
Babcock & Wilcox
NEWS AND VIEWS
at the
University of Illinois
Edited by Gary Daymon, EE '64
U. of I. Railroad Rail Research
Although rail travel has always been
one of the safest modes of transporta-
tion, American railroads have through-
out the years sought ways of making it
even safer. That safety has been made
possible by a continuous program of re-
search. A great deal of this research has
been and continues to be done at the
University of Illinois.
Although the University's early re-
search on track and wheel problems
brought important contributions to rail-
road efficiency and safety, one of rail-
roading's most distressing problems con-
tinued to be the frequency of rail break-
age. In 1Q31 rail breakage, which had
been increasing for more than two dec-
ades, had reached 12,000 rails a year on
American and Canadian railroads. U. of
I. researchers found that the breaks were
caused by microscopic "shatter cracks"
which were hidden deep inside the rail
head. They found that these shatter
cracks resulted from too rapid cooling
of the freshly made rails. From this find-
ing the U. of I. engineers developed
"controlled cooling" of the new rails.
The importance of this research finding
can be appreciated when one realizes
that of the millions of miles of track
that criss-cross the continent, not a sin-
gle rail made by the controlled cooling
method has since failed from a shatter
crack.
Since the shatter crack problem has
been solved, U. of I. researchers have
turned their attention to other types of
rail failures and are continuing to make
progress toward safer and stronger rails.
Some of the current research is reported
in Reprint 63, "Progress Reports of In-
vestigations of Railroad Rails," by Pro-
fessor R. E. Cramer. It is available for
fifty cents from Engineering Publica-
tions, University of Illinois, Urbana,
Illinois. Engineering Outlook
Some People Call It Rust
Each year corrosion costs the public
$6.5 billion a year. The University of
Illinois Cathodic Protection Laboratory,
under the Department of Mining, Met-
tallurgy, and Petroleum Engineering,
has facilities for the investigation of con-
ditions under which corrosion occurs and
its control by cathodic protection meas-
ures.
Corrosion is an electro-chemical proc-
ess in which metal, going from the solid
to ionic state, loses electrons which pro-
duce a direct (d-c) current. A solution to
this expensive problem is cathodic pro-
tection: a method of supplying electrons
to a corroding metal system for the pur-
pose of reducing or eliminating the cor-
rosion current. Such protection can be
furnished in two ways: by the use of a
rectifier furnishing an opposing d-c from
an a-c source, or by the use of sacrificial
(more easily ionized) anodes of mag-
nesium, zinc, or aluminum. Either meth-
od can protect pipelines and cables in-
definitely, while unprotected structures
may fail within two years after construc-
tion.
(^ne of the current interests of the
Cathodic Protection Laboratory staff is
the problem faced by companies that
transport gas by pipeline over long dis-
tances. In areas where the pipelines
parallel or run near high-tension power
lines, they lie within the electric fields
produced by the power lines—a circum-
stance that may prove to aggravate the
ever-present natural effects of corrosion.
Professor Walter H. Bruckner, techni-
cal director of the Laboratory, is pres-
ently studying the possibilities of giving
such pipelines cathodic protection by
using rectifiers to convert the a-c elec-
tric fields to the d-c that will resist cor-
rosion. If it works, the pipeline com-
panies will get their cathodic protection
without paying for the power involved.
Engineering Outlook
Tech Writer Receives
National Honors
Larry Druffel, one of TECHNO-
GRAPH's ace writers, left for New
York City January 27th to accept a
$100 prize and award certificate for his
winning student paper in the nationwide
American Institute of Electrical Engi-
neers' Contest. His paper was written
on the electronic simulation of human
hearing, and it discussed such possibili-
ties as telephone calling by voice rather
than by mechanical dialing.
Larry is graduating this month in
electrical engineering, and the TECH
staff and his many friends congratulate
him on his prize paper as well as on his
excellent college record. Larry is a
prime example of a person who has a
will—and therefore a way. During his
4^ years of college he has earned all
his expenses—working part time as a
laboratory technician, salesman, waiter,
and summer truck driver.
During his junior year he became in-
terested in technical writing. He en-
rolled in several technical writing
courses offered by the college of Engi-
neering and subsequently joined the
TECH staff. Although his semester
schedule often included 20 hours of
courses as well as part-time employment,
he has written extensively for TECH
—
the article on Zetetics in this issue (page
10) is an excellent example. This par-
ticular article has been submitted to
Seieritifie Jnieriinn for consideration.
Prof. Coleman Honored
Prof. Paul D. Coleman, head of the
ultraniicrowave research group in the
University of Illinois Department of
Electrical Engineering, has been named
a Fellow of the Institute of Radio Engi-
neers. This is the highest membership
grade offered b\' the IRE, and it is be-
stowed only by invitation of those who
have made outstanding contributions to
electronics, radio or allied branches of
engineering and science.
Prof. Coleman was cited for his con-
tributions in submillimeter wave genera-
tion. The research group under his di-
rection at Illinois has been a world lead-
er in ultra-high frequency research,
using the University's Illiac high-speed
computer and verifying results experi-
mentally. His group has utilized the
phenomenon known as Cerenkov radia-
tion which may lead to new devices for
generating vdtra-high frequency radio
waves.
Cerenkov radiation, discovered by a
Russian scientist in the early 1930's, re-
sults when a charged particle passes
through a substance at a speed greater
than light can pass through it. It pro-
duces an eerie blue glow in nuclear re-
actors, but not all Cerenkov effects are
visible.
The radiation is at frequencies be-
tween radio microwaves and the far in-
frared which leads into visible light.
This is the last unused gap in the elec-
tromagnetic radiation spectrum which
includes radio, x-rays, light, heat and
similar phenomena.
Prof. Coleman has been at Illinois
since 1951. This year he is on leave
serving at Stanford University as visit-
ing professor. He was among 76 leading
electronics engineers and scientists from
the United States and five other coun-
tries named Fellows at a recent meeting
of the IRE board of directors.
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MACHINE
THAT
DIAGNOSES
ITS OWN
FAILURES
The dictionary refers a maintenance technician to a defective gas tube
Circuit Pocic in a mcdel of the electronic sv^itching system. Thousands of
miniature tubes like these switched teleph^'ne calls at Morris, Illinois, during
an experimental trial of the systsm.
An electronic telephone switching
system that diagnoses its own failures
when they occur and tells maintenance
men where to look for the trouble in a
"dictionary" it helped "write" has been
developed by Bell Laboratories. The sys-
tem also discovered methods of running
itself that its human programmers had
not considered.
S. H. Tsiang, of the Electronic
Switching Laboratory, developed the
dictionar)' for a recently-completed trial
of an experimental Electronic Central
Office at Morris. Illinois. The diction-
ary- was written for the system's most
complex part, a central control unit
containing 6.5(tO transistors and 45,500
diodes. Tsiang described the dictionary's
preparation in a paper presented at the
Summer General Meeting of the Ameri-
can Institute of Electrical Engineers.
The dictionary helps insure the con-
tinvious operation of the electronic
sv>-itching system, which must be able to
handle telephone calls at any time and
run 24 hours a day without more than
a few thousandths of a second lapse.
When the Bell S>stem's first commercial
Electronic Central Office begins opera-
tion in 1Q65 in Succasunna, N.L, every
control unit will have a duplicate stand-
ing by in case any component fails. The
duplicates woidd then take over auto-
matically and. in the thovisandths of a
second between calls, run diagnostic
tests on the defective unit.
The system prints test results on a
teletypewriter. A maintenance man
checks these results in the dictionaiy,
which tells him the Circuit Pack to re-
place (Components are mounted on
small, easily removable units called Cir-
cuit Packs. ) This way, he usually can
locate and clear up trouble in a iew
minutes.
To prepare the dictionar\ for Morris,
Tsiang had the system programmed to
make over "lOO different tests on each of
50,000 simulated failures. The system
recorded the test patterns for each fail-
ure and the identity of the faulty com-
ponents. Then a computer sorted the
patterns in numerical order and printed
them in a tour-volume dictionary total-
ing 1,2^0 pages.
Bell engineers expect a dictionary of
this type to locate 'JO per cent of the
component failures that may develop at
the Succasunna office. In the meantime a
duplicate of the first commercial Elec-
tronic Central Office is being construct-
ed at the Laboratories' Holmdel loca-
tion. Engineers there will continue to
improve diagnostic techniques and the
maintenance dictionary.
Programmers gave the system many
alternative ways of restarting itself in
milliontlis of a .second if a vital com-
ponent should fail. "However, we no-
ticed the system using a combination we
had not programmed into it," reports R.
Ketchledge, Director of the Electronic
Switching Laboratory, "So we investi-
gated and found we'd accidentally con-
nected a wire to an open terminal. This
should have caused the system to stop
when it needed to use this wire, i^ut it
didn't. It combined several programs
into one of its own and avoided using
the open wire. This 'motivation' appar-
ently results from our providing the
system with many alternati\e programs
aimed at the same result—to keep run-
ning"
(Ri />riiititl from ihr Bill Luhma-
t'tries Rti'ird.)
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AT PRATT & WHITNEY AIRCRAFT...
YOUR EYES CAN BE ON THE STAR
SPECIALISTS IN POWER
. .
POWER FOR PROPULSION-POWER FOR AUXILIARY SYSTEMSCURRENT UTILIZATIONS INCLUDE AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND INDUSTRIAL APPLICATIO
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tilT YOUR FEET MUST BE ON THE GROUND
The glamour and excitement of space age programs often obscure a fundamental fact. It is simply
that farsightedness must be coupled with sound, practical, down-to-earth engineering if goals are
to be attained. This is the philosophy upon which Pratt & Whitney Aircraft's position as a world
leader in flight propulsion systems has been built.
Almost four decades of solid engineering achie\ement at Pratt & Whitney Aircraft can be credited
to management's con\iction that basic and applied research is essential to healthy progress. In
addition to concentrated research and development efforts on advanced gas turbine and rocket
engines, new and exciting etfects are being explored in every field of aerospace, marine and industrial
power application.
The challenge of the future is indicated by current programs. Presently Pratt & Whitnc\ Aircraft
is exploring the areas of technical knowledge in magneiohydnnlynanucs . . . ihcrniionic aiul ihcrnio-
electric conversions . . . hypersonic propulsion . . .fuel cells and nuclear power.
If you ha\e interests in common with us, if you look to the future but desire to take a down-to-earth
approach to get there, investigate career opportunities at Pratt & W hitney Aircraft.
To help move tomorrow closer to today, we continually seek ambitious young engineers and scientists. Your de-
gree? It can be a B.S., M.S. or Ph.D. in: MECHANICAL . AERONAUTICAL . ELECTRICAL . CHEMICAL and
NUCLEAR ENGINEERING . PHYSICS . CHEMISTRY • METALLURGY . CERAMICS . MATHEMATICS . ENGI-
NEERING SCIENCE or APPLIED MECHANICS. The field still broadens. The challenge grows greater. And a future of
recognition and advancement may be here for you.
For further information regarding an engineering career at Pratt & Whitney Aircraft,
consult your college placement officer or write to Mr. William L. Stoner,
Engineering Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut.
Pratt &Whitney fiircraft -s-°—
^
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT Mt
DIVISION OF UNITED AIRCRAFT CORP.
FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA An Ec,va. Oppo,n,nl.y Employer
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ION
PROPULSION
By Art Becker, EE '66
The
Force
of the
Future
The concept of electric propulsion is
a relatively recent addition to the store
of principles which will make possible
the exploration of space by both manned
and unmanned vehicles. The attention
given to the development of the idea
is not common for a newcomer to tech-
nology and is due to the potential which
systems of electric propulsion are indi-
cating they possess. In the resistance-
free environment of outer space, these
systems will have a usefulness of which
the current theoretical applications are
only samples. Such tasks as control of
satellite attitude and adjustment of sat-
ellite orbit, and perhaps the furnishing
of power for lunar ferries, are examples
of the proposed possibilities. Flight tests
are planned within the next six months
and will probably take the form of an
electric propulsion engine riding as an
extra on a large satellite.
Electric propulsion systems are of four
distinct types: electromagnetic, or plas-
ma, systems; electrothermal, or arcjet,
systems ; electrostatic, or ion, systems
;
and heavy-particle systems. The ion sys-
tems receive the greatest part of the
attention given to the field of electric
propulsion; however, brief definitions of
the three other types will be helpful in
gaining a clearer meaning by contrast,
of ion propulsion, the four lines are very
similar, as they all operate on the same
basic principle.
All four systems provide thrust by the
acceleration of charged particles. Differ-
entiating characteristics lie in the nature
of the propellant and the manner of
acceleration.
The plasma engine operates through
the dual action of electric and magnetic
fields on a neutral plasma, which at-
tains a velocit\ high enough to enable
ENERGY
SOURCE ENERG,^
RESERVOIR FOR
WORKING, FUUID
SPACE VEH\C\_E
CONVERTER E\_ECTR\CA\_
ENERC-^X
ION
SOURCE
LOW VELOCITY
IONS
HIQM VELOCVTY
IONS
Figure 1
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When a transistor performs like this on a curve tracer,
we like to know why. Sometimes the answer is obvious.
Then again, we may find it not so easily explained. This
our semiconductor device people like. They enjoy sinking
their teeth into a knotty problem and sticking with it till
they shake out the answer—and it usually doesn't take long
at Delco.
Why? Easy.
When you toss a problem to a group of talented men
. . . provide the necessary research tools ... in an environ-
ment that encourages personal initiative and achievement
. . . you can't help getting results. This combination has
helped build a position of leadership for Delco in the de-
velopment and production of semi-conductor devices.
We intend to keep it that way—through expanding
facilities and fresh talent.
Our new R&D center— 125,000 sq. ft.—houses labora-
tories equipped with the latest in sophisticated research
faciHties. Our new semiconductor manufacturing center
—
226,000 sq. ft.—scheduled for operation this June, will pro-
vide an expanded capability in the production of silicon
rectifiers. All of which adds up to new opportunities in
research, development and production of silicon rectifiers.
solid slate electronics • ,
• SEMICONDUCTOR DEVICE DEVELOPMENT-
BS in Physics, Metallurgy or Electrical Engineering;
minimum of 2 yrs. experience in high current silicon rectifier
development; must be capable of developing these devices
and maintaining technical responsibility through pilot pro-
duction.
• PHYSICISTS, CHEMISTS AND METALLURGISTS
For semiconductor device development; experience in
encapsulation, alloying and diffusion, chemistry of semicon-
ductor devices, materials (to lead a program on metallurgical
research of new semiconductor materials).
• ELECTRONIC ENGINEERS-
Experienccd in machine controls (relay and/or static)
to assist m the development and application of static transis-
torized controls.
• TRANSISTOR PROCESS ENGINEERS-
EEs, MEs, and lEs to develop and create new processes
for manufacturing germanium and silicon semiconductor de-
vices and to develop automatic and semi-automatic fabrica-
tion equipment. Experience preferred.
It you're looking for an opportunity to fully exercise your personal compe-
tence
.
. .
among men of talent ... in unmatched facilities, why not make
arrangements to talk with our interviewer when he visits your campus.
Or, write for additional information: Mr. C. D. Longshore, Supervisor of
Salaried Employment:
An equal opportunity employer
[mJ^^^ Delco Radio Division of General Motors
KoKOMO, Indiana
#
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THE BELL TELEPHONE COMPANIES
SALUTE: HAL D'ORAZIO
Hal D'Oiazio ( B.S.I.E.. 1961 I was gi\en imiKulaiit engi-
neering responsibilities the moment he reported to Illinois
Bell. Hal. as Assistant Engineer, studied conditions af-
fecting a vital submarine transmission cable crossing in
Chicago. His recommendations were well received bv his
management, particularlv since thev contained some unique
cost-saving ideas on tunneling methods.
Hal's initial success has earned him other difficult as-
signments iiuolved with transmission s\ stems. More op-
portunities for Hal to show what he can do!
Hal D Orazio and other young engineers like him in
Bell Telephone Companies throughout the country help
bring the finest connnunicatioiis service in the world to the
homes and businesses of a growing America.
BELL TELEPHONE COMPANIES
TELEPHONE MAN-OF-THE MONTH
Glass Stronger Than Stee
By Vic Bell, Eng. Phy. '66
There are more demanding applications for fiberglass
than its use in sports car bodies. Fiberglass wound on a
mandril, much like the rubber band around the core of a
golf ball, and coated with resin during the winding is
being used experimentally as motor casings for Polaris
missies.
Under a Naval research grant, the Theoretical &
Applied Mechanics Department of the College of Engi-
neering is exploring the casual factors decreasing the
effective strength of glass fibers. The search for a
strength/density ratio of 1 :1()''' in., 0.4:10'' greater than
that of steel, necessitates statistical studies of the effects
of moisture, annealing, and mechanical damage. Results of
experiments b\' R. A. Wallhaus indicating a significant
decrease in fiber strength caused by moisture attacking
the glass surface ha\e led Owen-Corning and Johns-
Manville, suppliers of the t\pe E boro-silicate glass, to
apply a thin plastic coating to the fibers as the\' are beini-
drawn from the die. The plastic serves a dual purpose i:i
that it also provides a stronger glass-resin bond in th
finished motor case.
Resin properties, while not contributing materialll
to the strength of individual fibers, are of considerabi'
importance in determining the maximum bursting pre?
sure of the motor case. Greater flexibility and adhesive
ness of the resin tends to increase bursting pressures. R^i
search in this field continues on the manner in whic
cracks spread through a specimen causing faihne.
There are good indications that a cross sectioi
strength exceeding 100,000 psi will be de\'eloped in th
near future and that this figure will double in five years
The Theoretical & Applied Mechanics Department i
helping to attain this goal. <•
Plan to Attend
ENGINEERING OPEN HOUSE
MAY 10 and 11
Whether you are a college or high
school student you have undoubtedly
heard of the Illinois Junior Academy of
Science, the Junior Engineering Techni-
cal Society, or Engineering Open House.
In the past, each of these groups has
sponsored an exposition on the Univer-
sity of Illinois campus. This year, in an
attempt to co-ordinate the efforts of the
various groups and reduce th? number
of trips that high school students make
to such meetings, all three expositons
will be held on the same dates, Engi-
neering and Science Weekend, at the
University of Illiinois, May 10 and 11.
The Illinois Junior Academy of Sci-
ence will hold their meeting in the new
Assembly Hall south of the stadium.
This will be the first exhibit of any
type in the new hall, it is anticipated
that it will be the biggest year IJAS has
ever had. The area about the hall will
be the parking area for all the events
30
—buses will run a shuttle service from
the hall to all points on campus.
The Junior Engineering Tech[iical
Society will hold their meeting in the
mini Union as they did last year. How-
ever, they should be able to expand
their activities considerably as the new
addition to the Union will be in opera-
tion at that time.
The College of Veterinary Medicine
has usually held an Open House in con-
junction with IJAS. This year they plan
to have a larger operation and to co-
operate with the other groups in ar-
ranging tours. They will be located in
the Veterinary IVIedicine Building and
the Large and Small Animal Clinic.
In the past. Engineering (^pen House
has been held near St. Patrick's Day in
March, but this year it will be held in
conjunction with the other groups on
Alay 10 and 11. The headquarters will
be at the main desk of the Illini Union
—tour guides will be available ther
for people who are interested in seein
the campus as part of a group. An effoi
is being made to include as many sti
dents as posible from the freshman an
sophomore classes so that this year
Open House can be the best ever. Th
central theme and purpose of Ope
House will be guidance in selecting th
right career field, with special help t
students interested in physical scienc
and engineering. Tours offered in th
biological, medical, and other science
will supplement the engineering effort:
Articles explaining the exact time
table, arrangements for housing, an
special program features will appear i
subsequent issues of Tcchnograph.
For further information, write
Walter Hadcock
475 Garner MRH
Champaign, Illinois
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It's a long way from Baltimore, Maryland, but TECH is glad that Bonnie Lee
Mitchell, a freshman math mojor, made the trip. If you could swim, ski, skate
or dance the distance, Bonnie would have enjoyed it since those ore her hobbies.
Miss Mitchell is already making her mark in the midwest by participating in the
Dolphin Show, Nite Lites-Playboy Panacea, and Campus Chest. She also graces
the roles of Gamma Phi Beta sorority.
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If you are about to decide on your
future employment and are grad-
uating with outstanding scholastic
achievement in engineering or the
physical sciences ... the Sandia
Corporation would like to arrange
an interview with you.
At Sandia, you would work in re-
search, design and development, or
engineering. Our scientists and en-
gineers are engaged in projects in
the fields of solid state physics,
plasma physics, materials research,
explosives technology, pulse phe-
nomena and radiation damage.
You would work in a modern well-
equipped $120 million laboratory
and be associated with some of this
nation's outstanding technical per-
sonnel. You would receive liberal
benefits which, in addition to insur-
ance, retirement and vacation, in-
clude an opportunity for continuing
your graduate studies.
You would be employed in sunny,
dry Albuquerque, a Southwestern
cultural center of over 250,000, or
in our laboratory at Livermore,
California, with all the advantages
of the San Francisco Bay area.
Electrical and Mechanical Engineers
at all Degree Levels
At MS and PhD Levels
Aeronautical Engineers -~r^,
Ceramic Engineers
Chemical Engineers
Industrial Engineers
Chemists
Mathematicians
Physical Metallurgists
Physicists
Engineering Physicists
Statisticians
Sandia Corporation recruiters will be
on your campus soon.* For appoint-
ment for Interview, see your College
Placement Officer now.
Equal Opportunity Employer
INJDI>^
CORPORATIONM ALBUQUERQUE. NEW MEXICOLIVERMORE. CALIFORNIA
^The Sandia representative will be on campus February 18,19.
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CHALLENGE IN CALIFORNIA
IN ALL PHASES OF CIVIL ENGINEERING
California's far-flung state engineering projects are no boom-time enterprises.
They are sustained, long-range operations planned to keep pace with the con-
tinued growth of the state. They offer employment stability, good salaries, job
rotation and professional advancement. May we send you details and campus
interview schedule of our representatives? When writing, please tell us your field
of interest. State Personnel Board, 801 Capitol Avenue, Sacramento, California.
CRYOBIOLOCY
Medical Advances Through Engineering
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The preservation of biological ma-
terials for months, \ears, and perhaps
centuries is no longer just fanciful think-
ing. Much research is presently being
done on the effects of extreme cold on
biological materials. And, although this
research is only in its infancy, many ap-
plications have been found for the ex-
perimental findings. For example, in the
cattle-breeding industry the freeze-pres-
ervation of bull semen is already a well-
established commercial process. Methods
which have been developed for freezing
whole blood are also being evaluated
clinically with marked success. In addi-
tion, initial successes in the freezing of
microorganisms, bone marrow, tissues,
and even whole organisms for extended
periods of time have excited the imagin-
ation of clinicians and researchers in the
natural sciences. As one can easily see,
the neoteric science of cryobiology
promises to be one of the most signifi-
cant and rewarding sciences in the years
to come.
The undisputed pioneer in cryobio-
logical research is Father H. J. Luyet, a
biophysicist. From his probing into the
basic question, "What is Life,' arose
the initial concepts of cryobiology. Luyet
questioned how cold alone without
structural disturbance could kill, since
cold is merely a lowering of the \elocity
of molecidar motion.
The investigations of Luyet began ap-
proximateh' 25 years ago. And soon
other independent investigators, recog-
nizing the significance of his findings,
undertook studies to demonstrate the
feasibility of ultra-low temperature pres-
ervation as well as to determine the
cause of damage to specimens during
freezing. Just recently. Dr. Audrey
Smith opened the area of applied cryo-
biology by successfully freezing h;unp-
sters for short periods of time.
From the innovations of these indi-
vidual researchers an integrated group
of biologists, biochemists, biophysici-tv
and engineers of Linde Company, a di-
vision of L'nion Carbide Corporation,
was organized to study the basic phe-
nomena in cryobiology and to devise
practical processes for the freezing and
storing of all types of biological speci-
mens. A portion of the findings of this
gi'oup and of other researchers is ex-
plained below.
Whole Blood
Initiall) the scientists concentrated
their efforts on making the long-term
preservation of whole blood practical.
As would be expected, this effort re-
ceived the support of many medical in-
stitutions, and in particular the group
received the direct support of the Office
of Naval Research. Under present blood
banking techniques, whole blood can be
stored for only 21 days. After this time,
the damage which occurs to a number of
red blood cells results in their rapid
excretion after transfusion. The re-
searchers hoped to find a longer lasting
method of preservation in freezing. To
date their goal has at least been partially
accomplished. They found that by com-
bining the blood with a chemical addi-
tive (the most successful being a plas-
ma substitute — polyvinylpyrrolidone,
PVP) freezing and thawing could be
accomplished with less cell damage. The
remaining problem is that of perfecting
the addititive so that the blood can be
transfused without removing it.
According to the new process, the
blood must be lowered to the tempera-
ture of liquid nitrogen (-196 C. ) in
less than one minute. This is no great
problem, but to facilitate heat transfer
the blood is frozen in specially coated
aluminum contaitiers. When needed, the
frozen blood can be thawed in less than
one minute by agitating the alumiiuim
containers in warm water.
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()t the blood trcoze-prescrved to date,
experimenters at the L niversit\- of Hut-
talo Medical Selinol have successtidl\
transfused one-half pint quantities under
experimental conditions. C^f the cells in-
tact at the time of transfusion, approxi-
matel\ 7^9^ were found to survi\e in
circulation 24 hours later. These results
compaied favorably with blood banked b\
normal procedures for two to three
weeks and lead researchers to belie\e
that future improvements will yield a
frozen blood product comparable to
fresh blood upon transfusion.
Cone Marrow
In the past tew years blood transfu-
sion has been developed to a great de-
gree. Howe\er, much research has also
been conducted on the transfusion of
bone marrow—the blood cell producer.
When bone marrow is destroyed by ir-
radiation (or chemotherapy) it no long-
er produces the required blood cells and
anemic deficiencies develop. At present
there are no reliable methods for re-
placing the destroyed bone marrow
;
however, recent progress indicates that
successful transfusions in human patients
will soon become a practical reality. The
next problem, then, is a means of preser-
\ation.
A practical system for preserving bone
marrow cells indefinitely by freezing
has recently been developed according to
Dr. A. W. Towe of Linde Company.
One of the most important steps in the
procedure is to effect the phase transi-
tion from water to ice as rapidly as pos-
sible. WHien this is done, a suitable via-
bilit\' can be demonstrated by metabolic
assa\' methods. The outstanding problem
remaining seems to be the immuno-
logical comparability of the bone mar-
row. However, this problem is being
worked on extensively in both the Uni-
ted States and Canada in hopes that
transfusions of bone marrow will soon
be as safe and useful as those of blood.
Cells and Tissues
From the blood and bone marrow re-
search programs, the low-temperature
preservation studies have been expanded
into other areas, and techniques for pre-
serving a number of animal tissues and
cells for prolonged durations have been
developed. Although the specific method
of freezing and storing which will in-
sure maximum reco\ery of \iable tis-
sues and cells depends upon the particu-
lar type of cell and tissue culture, in
general, the best results have been ob-
tained by cooling at a precisely con-
trolled rate, using a proper amount of a
protective additixe, and storing at liquid
nitrogen temperature.
.Although the preser\ation of blood
has a more popular appeal, tissue and
cell preservation has an equally import-
ant influence in research. These cold
storage methods are leading to the estab-
lishment of tumor and tissue banks, par-
ticularly in the cancer field, that make it
possible for researchers to work with the
original specimen whenever needed. In
addition, use of liquid nitrogen and ad-
\anced liquefied transport containers
will permit the same material to be dis-
tributed to investigators in different lo-
cations and enable them to run com-
parative experiments.
Expanding Field
.Numerous other areas are continual-
ly revealing themselves for the applica-
tions of low temperature studies. In ad-
dition to the successful preser\ation of
bull semen, studies are presently being
aimed at extending this process to other
species, such as swine, sheep, and tur-
keys. C^n the mechanical side, cryobio-
logical applications also depend on the
development of better liquid nitrogen
equipment, refrigerators to store speci-
mens indefinitely, freezers to control the
rate of cooling precisely, and low-loss
liquefied gas containers to transport li-
quid nitrogen economicalh'.
St. Pat's Ball
THE ENGINEERING KNIGHT'S NIGHT
This year's St. Pat's Ball will carry
on many of the fine traditions of the
past but differ from the past balls in
se\eral aspects. Dean Everitt will again
crown the Queen of the ball, and St.
Pat, Prof. Dale Greffe, will initiate the
knights of St. Pat. Scene of this year's
ball will be the Illini Room, the great
ballroom of the new Illini Union addi-
tion. Musical entertainment for the
evening will be provided b\' nationallv
renowned Skitch Henderson and his
band.
St. Pat's Ball will be one of the first,
if not the first, dance to be held in the
new ballroom. The Illini Room, which
vcill hold 1301) couples, has about twice
the capacity of present L nion facilities
and almost the same capacity as Huft
Gym. With the other sen-ices of the
Union available, such as checkrooms,
refreshment, and lounges for comforta-
ble sit-down relaxation, a dance in the
new and beautiful Illini Room promises
to be a memorable evening.
Last \ear the St. Pat's Ball committee
started a policy of hiring name bands to
provide top-notch entertainment for the
evening. This year's committee in ac-
cordance with this policy obtained the
services of Skitch Henderson and his
band. Skitch is now musical director for
the National Broadcasting Compaiu' ami
appears nighth' with his band on the
"Tonight" shou'. Mr. Henderson is an
accomplished pianist and conductor. An
e\ening with Skitch Henderson promises
to provide the best dance music this
campus has heard in a long time.
The Knights of St. Pat represent an
honorary organization of outstanding
engineering students and facult\' mem-
bers at the I niversity of Illinois. Candi-
dates are selected on the basis of serv-
ice to their own society, service to the
College of Engineering, and success in
a supportive personal interview. Each
society and major organization in the
college can nominate candidates. The
choice is made b\' a board composed of
three engineering faculty members and
two past Knights. Knightship in the
Knight's of St. Pat is the highest hoiKjr
offered by the College of Engineering.
The crowning of the queen is one of
the high points of the evening. Each
engineering society is allowed to sponsor
one candidate, and the queen is chosen
by popular election at the ball.
St. Pat's Ball is sixinsored b\- the En-
gineering Council and in the past has
been held the same weekend as Engi-
neering Open House. Due to the late
date of Open House this year, how-
ever, the two events are not being held
together. The ball will be presented on
the evening of Saturday, Mar. 16, from
9 p.m. to 1 a.m. There will be a pre-
sale of tickets to engineers during regis-
tration week, .Monday, February 4
through Thursday, February 7. The
ticket booth will be conveniently located
just outside the Engineering Library in
Civil Engineering Hall. All engineers
are advised to bu\ their tickets at this
time. If the\' wait until the regular
s.ile, they nia\' be among the unfortunate
victims of a sell-out.
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LACK of CULTURE
by Benny Babb BSGE '62
This new and encouraging in-
spection of the engineer and
'culture' won first place in the
national semi-annual Tau Beta
Pi pledge essay contest. Com-
petition was among one hun-
dred chapter winners. Benny re-
ceived his B.S. in General Engi-
neering in August and now
works for the Linde Company, a
division of Union Carbide, in
East Chicago, Indiana.
Since the verbal duel between Thomas
Henry Huxley and Matthew Arnold in
the early 1880's, there have been re-
peated flare-ups of the science versus
culture battle. Some of the early issues,
such as the necessity for mastery of
Greek and Latin, are no longer of
primary concern. Only the best educated
leaders in government or business can
distinguish the dative from the gentive
< r, indeed, recall who was teacher and
who was pupil: Plato or Socrates. How-
e\er dead the original issues of natmal
science opposed to classical education
appear to be, the basic charge of a nar-
row and materialistic discipline is still
leveled at our engineering and technical
schools today.
The too frequent defense to this
charge is the plea of lack of time. The
number of hours required for mastery
of any technical field has steadily in-
creased in recent years. Programs which
could be easily finished in four years
nov.' require an extra semester or more.
Rapid scientific progress, such as that
initiated by the splitting of the atom,
has increased the basic areas of scientific
knowledge that should be a part of
every engineer's training. For example,
quantum mechanics is opening doors in
almost all specialized engineering fields
from metallurgy to electronics. Witiiout
the tools of basic chemistry and physics,
an engineer becomes merely a handbook
technician. Truly, there is not even time
to learn the basic sciences, let alone in-
vestigate philosophy and the humanities.
Another quick but shallow defense is
found by belittling the importance of the
classics. This line of denial is hardly
worth noting since scientific educators
themselves will not give it credence.
The insights of Dante or the wisdom
of Spinoza caiuiot be easily brushed
aside.
Culture should be and generally is
postulated as one of the prime require-
ments of an educated man. Certainly,
the stud\' of the humanities must be
recognized as the most direct route
to cultural attainment. Again, if we
accept culture as a prerequisite, then
lack of time is an unsatisfactory ex-
cuse.
The need for cultural awareness in
men of science is more apparent now
than ever before. Even though some-
what unwillingly, the engineer or sci-
entist is assuming leadership in our
world today. He is the doer, the creator
and — in time of war — the destroyer.
When a new problem arises, science is
called on for the answer. Yesterday it
was but necessary to build the machine
or detail the procedure. Today, the sci-
entist must not only initiate the action
towards a solution but must also specify
how and when it should be used. As
shown by the atomic bomb and automa-
tion, the scientist can no longer avoid
the consequences of his creations. Just
as the deeds of Mr. Hyde come back
to Dr. Jekyl, so too must science answer
for the results of science. And to the
extent that the end results of scientific
advancement are far removed from the
laboratory, the engineer and scientist
must prepare themselves for this new
ground. How then, since science and
society are now so closely wed can our
schools produce both technically com-
petent and cidturally balanced men?
Before attempting an answer, the
charge itself must be questioned. Do
men of science actually lack culture? H
we define culture only by the measures
of art, music or literature — the all too
common goal of the strict classicist —
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thfii perhaps the engineer can be said
to ha\e little or no culture. True cul-
ture, however, is the improvement, re-
finement or development of the mind,
emotions, manners and judgement.
Gi\en these standards from which to
judge the attainment of culture, let us
e.xamine the engineer and man of sci-
ence.
F"irsf. there can be little argimient
that the engineer has not developed his
mental processes to at least equal or
better than the level of the classicist.
The verv core of the engineering method
with anahsis and synthesis as principal
tools will compare with the best that
logic can offer. Induction and deduction
are the prime tools of the scientist. And
can the philosopher, whose stated task
is the search for final truth, even com-
pare his results with those of the sci-
entist whose work is the absolute truth?
Can we imagine a modern engineer
being led along the path of Hegel or
Nietzsche? There is no evidence that
men of science were more duped by
Hitler than were the academicians. It
is sufficient to say only that the very
|nature of a scientific di.scipline requires
Iniental development of the highest de-
gree.
I
Second, let us look at the area of
leniotional refinement and development.
|Again, the nature of scientific study
jdemands control of the emotions. The
;engineer is schooled to report objectively
[the results of his experiments. Personal
theories, wants, and desires must give
way to scientifically observed facts. For
those who insist that emotion involves
appreciation of beauty, ask the scientist
Kvhere beauty lies. Beautx' is in all na-
ture, in form and structure, in the dis-
covery of absolute truth and in creation
pr invention. All of of these are the
^rovince of the scientist.
Next, examine manners. Manners
^efer to the way one lives and acts, not
ro the subleties of the proper fork for
ish or dress for dinner. While there
iire certainly individual cases among
•ngineers and scientists of sloppiness or
mcouthness. there is little quantitative
•vidence to show that as a group they
ire lacking in refinement. White tie
ind tails are not the engineer's custom-
iry dress, yet his scientific training again
las taught him the value of neatness and
ittention to detail. At any rate, the
fJohemian and the Beatnik are not the
product of the scientific training. They
pew forth poetry without meaning, art
without reason, and curses upon the
i'orld that exists — but leave mankind
o better for their passage. The scientist
tries, at le.ist, to cure the ills, not just
berate them.
Last, in the matter of judgment, we
should note that experience and ability
to reason are the cssenti:ds.
While there can be little question con-
cerning the engineer or scientist's abil-
ity to reason, there has been a tradition-
.".I lack of experience in all but technical
matters. To gain judgment through per-
sonal experience alone is too costly of
time. Apparently, the cry of the classic-
is' for historical study to learn from
the experiences of the past must be
heeded. But the demonstrated power of
the scientifically trained mind to grasp
ne^v concepts should dictate the char-
acter and iluration of such study.
While oin- inspection has been brief,
we should have at least reached the
conclusion that we must look further
and deeper. Does the engineer truly lack
culture? Before lengthening already
overlong curricula, the educators of to-
day should examine carefully the true
meaning of culture and see if this de-
velopment is not already a potentially
strong part of engineering and scientific
training. The development of the reason-
ing processes by the scientific method
of analysis and synthesis provide our en-
gineers with the primary ingredient of
basic wisdom.
Some areas of weakness — such as
awareness of the social consequences of
scientific advancement — covild easily
become an integral part of each technical
course. Just as the demands of business
and industry have forced our schools to
add economic aspects to purely techno-
logical considerations, our educators
must now shift emphasis to the social
side of science.
To the extent that the engineer is
found wanting in cultural judgment, we
must give the training necessary. This
training, however, should be at a higher
level than that now generally used for
sociology and the humanities. Given a
scientifically trained mind and an aware-
ness of the need for social and esthetic
values, the engineer should readily ac-
quire the essential lessons of concentrat-
ed study in history.
Above all. we must recognize that
the time is past for technical science anil
social culture as separable entities. The
engineers and scientists now training in
our um'versities and colleges will soon
be called to act on problems that affect
the entire world. Their abilitv' to formu-
late la.sting solutions will depend as
much upon their social awareness as
upon their technical competence.
BIG
DECISION
For Engineers
To-Be..,
SHALL IT BE
:p:9000 Castell Wood
Drawing Pencil or
#9800SG Locktite Tel-
A-Grade Holder and -_
#9030 Castell Re- f
fill Drawing Leads
Perhaps you will
choose Castell wood
pencil, because you
like the feel of wood,
because you like to
shave the point to the
exact length and
shape you desire.
Or you may vote for
Locktite Tel-A Grade,
the lightweight bal-
anced holder with Its
long tapered, no-slip
serrated grip that
soothes tired fingers.
And its ideal team
mate, Castell Refill
leads, of the same
grading, undeviating
uniformity and bold
image density of
Castell wood pencil.
Whatever your choice,
you will be using
Castell tight-textured
microlet-milled lead
that gives you graphite
saturation that soaks
into every pore of
your drawing surface.
Your College Store car-
ries all three famous
A.W.Faber-Castell
drawing products,
backed by over two
centuries of pencil-
making experience.
Start your career by
using the finest
working tools money
can buy.
A.W.FABER-
CASTELL
Pencil Company. Inc.
41-47 Dickerson Street
New
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LACK of CULTURE
by Benny Babb BSGE '62
This new and encouraging in-
spection of the engineer and
'culture' won first place in the
national semi-annual Tau Beta
Pi pledge essay contest. Com-
petition was among one hun-
dred chapter winners. Benny re-
ceived his B.S. in General Engi-
neering in August and now
works for the Linde Company, a
division of Union Carbide, in
East Chicago, Indiana.
Since the verbal duel between Thomas
Henry Huxley and Matthew Arnold in
the early 1880's, there have been re-
peated flare-ups of the science versus
culture battle. Some of the early issues,
such as the necessity for mastery of
Greek and Latin, are no longer of
primary concern. Only the best educated
leaders in government or business can
distinguish the dative from the gentive
rr, indeed, recall who was teacher and
who was pupil: Plato or Socrates. How-
ever dead the original issues of natural
science opposed to classical education
appear to be, the basic charge of a nar-
row and materialistic discipline is still
leveled at our engineering and technical
schools today.
The too frequent defense to this
charge is the plea of lack of time. 1 he
number of hours required for mastery
of any technical field has steadily in-
creased in recent years. Programs which
could be easily finished in four years
r.ovv' require an extra semester or more.
Rapid scientific progress, such as that
initiated by the splitting of the atom,
has increased the basic areas of scientific
knowledge that should be a part of
every engineer's training. For example,
quantum mechanics is opening doors ni
almost all specialized engineering fields
from metallurgy to electronics. Without
the tools of basic chemistry and physics,
an engineer becomes merely a handbook
technician. Truly, there is not even time
to learn the basic sciences, let alone in-
vestigate philosophy and the humanities.
Another quick but shallow defense is
found by belittling the importance of the
classics. This line of denial is hardly
worth noting since scientific educators
themselves will not give it credence.
The insights of Dante or the wisdom
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of Spinoza cannot be easily brushed
aside.
Culture should be and generally is
postulated as one of the prime require-
ments of an educated man. Certainly,
the study of the humanities must be
recognized as the most direct route
to cultural attainment. Again, if we
accept culture as a prerequisite, then
lack of time is an unsatisfactory ex-
cuse.
The need for cultural awareness in
men of science is more apparent now
than ever before. Even though some-
what luiwillingly, the engineer or sci-
entist is assuming leadership in our
world today. He is the doer, the creator
and — in time of war — the destroyer.
When a new problem arises, science is
called on for the answer. Yesterday it
was but necessary to build the machine
or detail the procedure. Today, the sci-
entist must not only initiate the action
towards a solution but must also specify
how and when it should be used. As
shown by the atomic bomb and automa-
tion, the scientist can no longer avoid
the consequences of his creations. Just
as the deeds of Mr. Hyde come back
to Dr. Jekyl, so too must science answer
for the results of science. And to the
extent that the end results of scientific
ad\ancement are far removed from the
laboratory, the engineer and scientist
must prepare themselves for this new
ground. How then, since science and
society are now so closely wed can our
schools produce both technically com-
petent and culturally balanced men?
Before attempting an answer, the
charge itself must be questioned. Do
men of science actually lack culture? If
we define culture only by the measures
of art, music or literature — the all too
common goal of the strict classicist —
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lien perhaps the en<;ineer can be said
I) ha\e little or no culture. True cul-
iire, however, is the improxenient, re-
uienient or Jevelopinent of the niiiul,
Miiotioiis, niamiers and juiijienient.
wiveii these standards from which to
judge the attainment of culture, let us
x.iniine the enirineei' :!nd man of sci-
ence.
First, there can be little arjfument
that the engineer has not developed his
mental processes to at least equal or
ibetter than the level of the classicist.
The very core of the enjiineering method
with anahsis and synthesis as principal
rnols will compare with the best that
logic can offer. Induction and deduction
are the prime tools of the .scientist. And
can the philosopher, whcse stated task
IS the search for final truth, even com-
paie his results with those of the sci-
entist whose work is the absolute truth?
Can we imagine a modern engineer
being led along the path of Hegel or
Nietzsche? There is no evidence that
men of science were more duped by
Hitler than were the academicians. It
is sufficient to say only that the ver\
nature of a scientific discipline requires
mental development of the highest de-
gree.
Second, let us look at the area of
emotional refinement and development.
-Aiiain, the nature of scientific study
demands control of the emotions. The
engineer is schooled to report objectively
I the results of his experiments. Personal
theories, wants, and desires must give
way to scientificalh' observed facts. For
I
those who insist that emotion involves
I
appreciation of beautv", ask the .scientist
! where beauty lies. Reauty is in all na-
'jture, in form and structure, in the dis-
icovery of absolute truth and in creation
I
or invention. All of of these are the
I
province of the scientist.
!
Xe.xt, examine manners. Manners
'refer to the way one lives and acts, not
to the subleties of the proper fork for
I
fish or dress for dinner. While there
(are certainly individual cases among
engineers and scientists of sloppiness or
uncouthness, there is little quantitative
evidence to show that as a group the\-
are lacking in refinement. White tie
and tails are not the engineer's custom-
ary dress, yet his scientific training again
has taught him the value of neatness and
attention to detail. At an\- rate, the
j
Bohemian and the Beatnik are not the
!
product of the scientific traim'ng. They
[
spew forth poetr\- without meaning, art
i without reason, and curses upon the
world that exists — but leave mankind
no better for their passage. The scientist
tries, at le.ist, to cure the ills, not just
berate them.
Last, in the matter of judgment, we
should note that experience and ability
to re.-ison are the essentials.
While there can be little question con-
cerning the engineer or scientist's abil-
ity to reason, there has been a tradition-
al lack of experience in all but technical
matters. To gain judgment through per-
sonal experience alone is too costly of
time, .'\pparently, the cry of the classic-
is'- for historical study to learn from
the experiences of the past must be
heeded. But the demonstrated power of
the scientifically trained mind to grasp
nevv concepts should dictate the char-
acter and duration of such stud\-.
While our inspection has been brief,
we should have at least reached the
conclusion that we nuist look further
and deeper. Does the engineer truly lack
culture? Before lengthem'ng alread\
overlong curricula, the educators of to-
day should examine carefulh the true
meaning of culture and see if this de-
velopment is not already a potentialh
strong part of engineering and scientific
training. The development of the reason-
ing processes by the scientific method
of analysis and synthesis provide our en-
gineers with the primary ingredient of
basic wisdom.
Some areas of weakness — such as
awareness of the social consequences of
scientific advancement — could easily
become an integral part of each technical
course. Just as the demands of business
and industry have forced our .schools to
add economic aspects to purely techno-
logical considerations, our educators
must now shift emphasis to the social
side of science.
To the extent that the engineer is
found wanting in cultural judgment, we
must give the training necessary. This
training, however, should be at a higher
level than that now generally used for
sociology and the humanities. Given a
scientificalh' trained mind and an aware-
ness of the need for social and esthetic
values, the engineer should readily ac-
quire the essential lessons of concentrat-
ed study in history.
Above all, we must recognize th.if
the time is past for technical science and
social cultLu-e as separable entities. The
engineers and .scientists now training in
our universities and colleges will soon
be called to act on problems that affect
the entire world. Their ability to formu-
late lasting solutions will depend as
much upon their social awareness as
upon their technical competence.
BIG
DECISION
For Engineers
To-Be... „
SHALL IT BE h
#9000 Castell Wood
Drawing Pencil or
#9800SG Locktite Tel-
A-Grade Holder and ^_
#9030 Castell Re- y
fill Drawing Leads
Perhaps you will
choose Castell wood
pencil, because you
like the feel of wood,
because you like to
shave the point to the
exact length and
shape you desire.
Or you may vote for
Locktite TelA-Grade,
the lightweight bal-
anced holder with its
long tapered, noslip
serrated grip that
soothes tired fingers.
And its ideal team
mate, Castell Refill
leads, of the same
grading, undeviating
uniformity and bold
image density of
Castell wood pencil.
Whatever your choice,
you will be using
Castell tight-textured
microlet-milled lead
that gives you graphite
saturation that soaks
into every pore of
your drawing surface.
Your College Store car-
ries all three famous
A.W.Faber-Castell
drawing products,
backed by over two
centuries of pencil-
making experience.
Start your career by
using the finest
working tools money
can buy.
A.W.FABER-
CASTELL
Pencil Company, Inc.
41-47 Dickerson Street
Newark 3. N. J.
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Reasons for building a career at Collins:
IVf F T{ C" 1 JRY Every voice from the
Mercury capsules has been transmitted to earth
by ColHns equipment. In fact, every phase of the
Mercury voyages — from launch and orbit to
re-entry and recovery — required communications
supplied by Collins. D Mercury opened the
door to space communications. Just ahead are
Projects Gemini and Apollo. And the E.E., M.E.,
Mathematician, or Physicist who can qualify for
Collins' space communications team is set for an
adventuresome career. Interested.'' Get complete
details from your Placement Office. Or write the
Collins engineering center nearest you.
COLLINS
L, R Nuss,
Collins Radio Company,
Cedar Rapids, Iowa
C, P. Nelson,
Collins Radio Company,
Dallas, Texas
E, D Montano,
Collins Radio Company,
Newport Beach, California
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ITT: AN AMERICAN
CORPORATION WITH
AN INTERNATIC NAL
VIEWPOINT
Facts bearing on professional careers at ITT
answering questions frequently asked us by college seniors
A MAJOR CONTRIBUTOR TO
U.S. DEFENSE
The largest American-owned inter-
national enterprise engaged in all as-
pects oi electronic and telecommunica-
tion systems. International Telephone
and Telegraph Corporation operates
both domestic and foreign divisions
and subsidiaries. Among its nine prin-
cipal U.S. engineering/scientific organ-
izations, four are engaged in advanced
work for the Armed Forces and NASA.
Programs include:
large scale computer-based command '
control systems D global communica-
tions systems (line of sight, tropo
scatter, lunar bounce, digital, telecom-
munications) D ICBM base communi-
cations and control systems D satel-
lite control &. communication systems
D engineering support for large scale
warning systems D antisubmarine
warfare systems D electronic counter-
measures D tactical military air navi-
gation systems D ground support &
environmental test systems D infrared
detection & guidance systems
atomic clocks D systems manage-
ment: world-wide, local.
DEEP IN DIVERSIFIED U. S.
COMMERCIAL ENTERPRISES
Prominent among ITTs domestic
commercial products is a new, high-
speed digital communication system
for large industrial firms. ITT in the
U. S. also develops and manufactures
a vast variety of radio equipments and
systems, automatic programmers, tele-
printers, telephone equipment, infra-
red image converters, image storage
and intensifier tubes, high resolution
scanners, twl's, coaxial cables and
other products.
Today, no less than 53 plants and fa-
cilities are operated by 16 ITT divi-
sions or subsidiaries in the United
States. Their combined income
amounts to roughly 40% of the total
figure for the world-wide operations
of the parent corporation, whose re-
sources stand solidly behind each op-
eration, at home and abroad.
ITT IN RESEARCH &
DEVELOPMENT ENGINEERING
Basic and applied investigations re-
late to both military and commercial
programs. Extensive R&D facilities
are provided. To cite one example,
ITT's own "Space Communications
Research Station," erected in Nutley,
N. J., was selected by NASA as one
of the ground terminals for the Proj-
ect Relay experimental satellite com-
munication system.
A PIONEER IN SYSTEMS
ENGINEERING
ITT's long experience in the operation
of world-wide communication systems
has made it a logical choice for both
systems development and systems
management contracts awarded by the
Armed Forces. Examples are:
Systems development, design and
management of the vast SAC global
command/control system 465-L n
Coordination and management of the
10 year program to expand and mod-
ernize AIR COM, global communica-
tions system of the U. S. Air Force.
GLOBAL PRACTITIONER OF
FIELD ENGINEERING
In the Arctic, in the Tropics, on land,
afloat, or undersea, ITT skills in on-
site engineering for every kind of
communication or large scale elec-
tronic system have been thoroughly
tested. It is equipped to provide com-
plete engineering support anywhere
in the free world. This includes in-
stallation, operation, maintenance,
evaluation and continuous modern-
ization, as assignments may require.
ITT's responsibilities in field and ap-
plications engmeering include:
operation, maintenance and testing of
Pacific Missile Range facilities for the
U. 5. Navy D engineering support, in-
stallation and maintenance for a
global digital command and control
system for SAC O tropo scatter com-
munication systems spanning nations
in Europe and Asia D 6,000 miles of
advanced radar and communications
equipment on DEVVLINE.
UNIQUE INTERNATIONAL
RESOURCES FOR
PROFESSIONAL ENRICHMENT
ITT foreign affiliates and subsidiaries
operate public telephone systems in
19 countries. In addition, more than
12 overseas laboratories have made
many significant advances in commu-
nications technology. Technical
papers and progress reports steadily
circulate among R&D people both at
home and abroad, and leading ITT
scientists and engineers participate in
international seminars conducted an-
nually by the company.
OPPORTUNITIES EXIST FOR
RECENT GRADUATES AT THE
BS, MS and PhD LEVELS
WITH 9 U. S. MEMBERS OF THE
ITT CORPORATE FAMILY
ITT Components Division, Clifton,
N. J. D ITT Communication Systems
Inc., Paramus, N. J. D ITT Federal
Electric Corporation, Paramus, N. ].
D ITT Federal Laboratories, Nutley,
N. J. a ITT Federal Laboratories, Ft.
Wayne, Ind. D ITT Industrial Labora-
tories Division, Ft. Wayne, Ind. D ITT
Information Systems Division, Para-
mus, N. J. n ITT International Elec-
tric Corporation, Paramus, N. J. D
ITT Kellogg Communications Systems
Division, Chicago, III.
For detailed information about spe-
cific positions in your special field of
interest, make an appointment
through your College Placement Di-
rector for an On-Campus Interview or
write directly to: Mr. W. A. Moor-
head, Mgr., Recruitment and Place-
ment, North America, International
Telephone and Telegraph Corpora-
tion, 320 Park Avenue, New York 22,
N. Y. An Equal Opportunity Employer
ITT
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At HJBJ^ a new world of opportunity in data processing;
In the world of data processing many new ideas start an
expanding progression of new technologies, new sys-
tems, and new applications. This evolution runs full circle
in that it forms the stimulus for even further data process-
ing creativity. Within this expanding world, people at IBM
are building careers by meeting challenges with imagina-
tion through their knowledge of science, engineering,
business, and the arts. Through this progression their
achievements in turn become the source of new concepts
in tomorrow's information systems for business, industry,
science, education, and government.
The rapid growth and development of the data process--
ing field thus present exceptional career opportunities
and the professional stimulus that provide for individual i
accomplishment. There is a wide choice of engrossing!
assignments which can introduce you to satisfying and
rewarding careers: working in the basic sciences to ex--
plore new technologies, methods, and materials; design-
-
ing data processing equipment and planning manufacture;
evaluating performance of new systems during develop-
ment and manufacture; studying new applications for
machines and systems.
•ws*.
U.*t
^^
)ata processing at IBM has created many new growth
lositions for career-minded graduates—from research,
sngineering. and development to manufacturing ....
Development Engineering: Bachelor of Science or ad-
anced degree in electrical or mechanical engineering,
nathematics, or physics.
Manufacturing Engineering: B.S. or advanced degree in
ndustrial, electrical, or mechanical engineering.
Programming: Bachelor's or Master's degree, preferably
n mathematics, the sciences, engineering, or business
idministration.
IBM education programs provide opportunities to keep
employees abreast of expanding technologies and help
them branch out into the new areas of discovery. Specific
IBM educational programs offer company training courses;
tuition-refund courses at universities and colleges near-
by; and fully paid, competitive scholarships for full-time
study at a university of the employee's choice. IBM ad-
vantages include a complete range of company-paid ben-
efits. IBM is an Equal Opportunity Employer. For further
details on specific career opportunities, write Manager of
Employment, 590 Madison Ave., Dept. 915, N.Y. 22, N.Y.
AT NASA, you're IN THE AEROSPACE CENTER OF THE FREE WORLD
NASA... your place in space
NASA programs encourage swift professional growth
for the engineer or scientist launching his career
You can accelerate your career swiftly
as a professional staff member of the Na-
tional Aeronautics and Space Administra-
tion. Stimulating assignments, unequaled
resources, liberal programs of educational
assistance, early responsibility—all help
hasten the professional growth of the
engineer or scientist who chooses NASA
for his initial career position.
Each NASA research center offers its
own comprehensive plan to help advance
your knowledge and speed the time when
you can contribute at the peak of your
capacity. The plans differ from center to
center, but this summary is generally valid
throughout the NASA complex:
NASA Installations
Maintain University Ties
NASA centers have established close
relationships with nearby universities. As
a professional staff member, you may
pursue graduate study either in the even-
ing at NASA's expense or during regular
working hours on full salary. And, if
necessary to fulfill university requirements
for a graduate degree, you may become a
resident student, also on full salary.
NASA encourages advanced study in
astronautics, physics, electronics, chemis-
try, metallurgy, mathematics, astronomy,
and geophysics, as well as aeronautical,
mechanical, electronic, electrical, nuclear,
ceramic, and civil engineering, engineering
mechanics, and engineering physics.
Guggenheim, Sloan, Brookings
Fellowships Available
Additional avenues of opportunity will
be open to you because NASA participates
in fellowship programs of the Guggen-
heim and Sloan Foundations and the
Brookings Institution. Right now, as a
result of this participation, NASA staff
members are attending Cal Tech, M.I.T.,
Harvard, and other leading schools, re-
ceiving full salary, expenses, and per diem.
NASA helps you keep abreast of the
latest developments in your field by per-
mitting frequent attendance at major
technical conferences in this country and
abroad.
Unique Intern Programs
Increase Technical Competence
The NASA centers offer exhaustive in-
house educational opportunities as well,
including the unique Intern Programs.
The regular in-house activities include
lectures, seminars, films, and expense-paid
trijis to other organizations. The Intern
Program is somewhat different. As an
Intern, you study and work closely with a
senior NASA scientist or engineer, a
leader in his—and your—field. This is an
informal and exceedingly productive
arrangement, which usually lasts for six
months. The Intern Program is designed
to bring you very rapidly to the forefront
in a special technical area.
Get All the Facts
About a NASA Career
Learn more about your future with
NASA. Contact your College Placement
Officer to arrange an interview with NASA
representatives visiting your school. Or
send a letter outlining your interests and
backgroimd to the Personnel Officer at any
one of the following NASA locations:
NASA Goddard Space Flight Center,
Greenbelt, Md.; NASA Langley Research
Center, Hampton, Va.; NASA Lewis
Research Center, Cleveland, Ohio; NASA
Marshall Space Flight Center, Huntsville,
Ala.; NASA Ames Research Center,
Mountain View, CaUf.; NASA Flight
Research Center, Edwards, Calif.; NASA
Manned Spacecraft Center, Houston,
Texas; NASA Launch Operations Center,
Cocoa Beach, Fla.
NASA is an equal op-
portunity employer.
Positions are filled in
accordance with Aero-
space Technology
Announcement 252-B.
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FORGED...
to eliminate tool damage
and leakers
The forged steel cylinder cap shown at top is used on
the rod end of a Nike missile launcher cylinder.
Before the changeover to forgings, cylinder caps
were a source of problems. Tool breakage and tool
wear were excessive because the cored castings
lacked concentricity, were contaminated with non-
metallic inclusions. When the caps, after costly
machining, were hydrostatically tested at 4,500 psi,
porosity of the castings often resulted in leakers.
The switch to forgings produced these
cost-cutting results:
40% reduction in initial cost when forgings
replaced castings.
20% increase in tool life.
12% increase in production — unscheduled tool
replacement eliminated.
6%) rejection rate caused by porosity
reduced to zero.
10%} reduction in weight with increased strength.
As you take your place in today's high-speed world,
where progress is paced by imaginative engineering,
it will pay you to ask, "What about forgings?" for
many of the things you will develop, design, engineer,
produce. Forgings are competitive in price, superior
in quality wherever strength/weight ratio, or
integrity of material is important.
Write today for case histories on parts made
better at lower cost by forging. Address: Drop
Forging Association, Dept. E-3, 55 Public Square,
Cleveland 13, Ohio.
I
For more information, see our 4-page, full color advertisements in these magazines:
MACHINE DESIGN, DESIGN NEWS, STEEL. MATERIALS IN DESIGN ENGINEERING
and AUTOMOTIVE INDUSTRIES.
'"[ When it's a vital part, design it to be
jmtmmmtmmmmmmmmmmmitmtmmmmmmmmatammmm.
PdM0iiE
MBai*aMMM«M>MBI>M>naB«KniB<"
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Technoquips
Two cniiineers had been diiiikinir
when oiu' lost his grip on the bar and
tell Hat on his face on the floor.
"That's what 1 like about Johnson.
Hi- always knows when to quit."
* * -»
"Sheldon, why did \(iu kick \nur lit-
tle sister in the stomach?"
"Couldn't help it. She tinned around
too quick.
"
» * *
Soon after Janice and Montie were
married, Janice decided to cook her first
chicken. "VVhen Montie started to carve
it, he said. "What did vou stuff it with,
dear?"
"It didn't need stufting, darling," she
reph'ed. "It wasn't hollow.
"
* * »
He smiled at her across the candlelit
table. She affectionately smiled in re-
turn.
"Smile like that again," he whispered.
She blushed and again cuteh' dis-
plaveii her dimples.
"Just as I thought," he said. "You
look like a chipmunk."
s- * *
A college graduate on his first job
was handed a broom to sweep the floors
for his first duty.
Grad : "But I'm a college graduate."
Employer: "Oh, in that case, I'll
show you how."
* * »
"I'm afraid I can't help you," he said
to the man injured in a car accident.
"I'm a veterinarian, not a medical doc-
tor."
"You're just the man," moaned the
victum. "I was a jackass to think I could
do 70 on those old tires."
* » *
"Mr. Jones, I'm afraid \our son is
spoiled.
"
"He is not, Mr. Smith, and I resent
your saying such a thing.
"
"Well, have it your own way, but
come and see what the steam roller did
to him."
*
-s s
Salesman: "I've been trying for a
v.'eek to see you. \V hen may I have an
appointment?"
Purchasing Agent: "Make a date
with my secretary."
Salesman: "Oh, 1 did, sir—and we
had a wonderful time—but I still want
to see vou."
"What are you putting in \()ur \est
pocket there, Mvn'phy?"
"That's a stick of dynamite. Fxery
time Rile\' sees me he slaps me on the
chest and breaks all my cigars. The next
time he does it, he's going to blow his
hand off."
* -s -*
Two morons each had a horse, but
they couldn't decide which belonged to
whom. So they cut the mane off one to
differentiate, but it soon grew back.
Next they cut the tail ofT one, but that
also grew back. Finally they measured
them and found that the black one was
four inches taller than the white one.
-:S * »
College: A fountain of knowledge
v.here students gather to drink.
"Of course you are the first girl I
e\ er kissed," said the M.E. as he shifted
gears with his foot.
«- « *
Counselor: "How do you like this
room as a whole?"
Kieshman : "As a hole it is fine, as a
room, not so good."
* * *
Recent tests in the physics department
prove that grasshoppers hear through
their legs. When a tuning fork was
placed near a gra.sshopper, it was found
that in all cases the insect would hop.
There was no reaction to this stimulus,
hnv.exer, when the insect's legs were
removed.
j}f 't- *
"Look at the wa\' these \oung people
dress today!" snorted the judge at the
horse show to another judge standing
next to him. "See that thing with a
poodle haircut, blue jeans, and shirt
hanging out. I can't even tell whether
it's a boy or girl."
The judge he was talking to coldlv
answered, "I can assure you it is a girl
—she is my daughter."
"My apologies," niimibled the first
iudge. "I had no idea \t)u were her
father."
"I'm N'OT," snapped the parent, "1
am her mother."
* * *
Husband: "I bought something today
f(u- the one I love best. Guess what?"
Wife: "A bo.x of cigars."
Policeman (to intoxicated man who
is tr\ing to fit his ke\ into a lamp post) :
"I'm afraid there is nobody home."
"Mus' be. There's a light upstairs."
» » «
Perfume salesgirl, showing newest
brand to customer: "To tell you the
ti uth, I consider this brand unsports-
manlike—sort of like dynamiting fish."
* '^ &
First drunk: "Sha\, nou don't open
the door with that ; it's a cigar butt."
Second drunk: "Good heavens, I
smoked my key!"
* » »
It uas the sleein time of the after-
noon. The prof droned on and on;
formulae, constants and figures. An en-
gineer, sitting in the second row, was
unable to restrain himself and gave a
tremendous yawn. I nfortunately, as he
stretched out his arms he caught his
neighbor squarely under the chin, knock-
ing him to the floor. Worried, he bent
over the prostrate form just in time to
hear a murmur, "Hit me again, Sam.
I can still hear him."
;;; * ^
.'\dapting the name of a celebrated
Manhattan eating place. The Forum of
the Twel\e Caesars, Rome is about to
lavuicli a new restaurant called The
Forum of the Twelve Kennedys.
While traveling through the jungle,
a missionary met a lion. Seeing that his
plight was hopeless, he fell to his knees
m anxious prayer.
A few moments later he w;is greatly
comforted to see the linn on its knees
beside him.
"Dear Hrother," said the relieved
missionary, "how delightful it is to join
you in prayer when a moment ago I
feared for my life."
"Hon't interrupt," said the lion, "I'm
saying grace."
* 9 *
( )n a jammed Hoston streetcar, a nuui
stood besule a woman havmg difficulty
keeping her balance in the swaying
crowd. Before them sat a husky jouth,
oblivious to her plight. Eyeing him with
mounting indignation, the man finally
said, "I'll give you a quarter for that
seat. " When the boy promptly accepted
the coin, the man indicated that the
woman was to take the seat. "Oh, no,"
replied the woman, you take it. " "Mad-
am, I don't want to sit down. I merely
vv'ish to give this boy a lesson in man-
ners." Then she beamed and settled back
contentedly, saying, "Henny, thank the
man for his quarter." "I alreaih' did.
Ma," came the reply.
"Xumber, hell," \elled the drunk into
the pay phone, "1 w.int my peanuts."
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IAssignment: finda fiiterpaper tiiat
worl(S iiardertiie dirtieritgets
fn chain-drag test, truck raises
heavy dust clouds to check air filter efficiency.
W^
Results: Up to 30,000 miles between filter changes in Ford-built cars for '63!
The 1963 Ford-built cars you see on the road these days can
eat dust and keep coming back tor more, thanks to improved
carburetor air filters.
In our continuing quest to build total quality and service-
saving features into Ford-built cars, our engineering research
staff explored the entire feld of physical chemistry for new
air-purifying properties in materials.
The result: a filtering material made of chemically treated
wood pulp and paper that permits Ford-built cars under
normal operation to go from 24,000 to 30,000 miles before
carburetor air f Iter replacement is required.
The new, tougher filter paper is accordion folded to increase
surface area four-fold, permitting higher filtration in a smaller
package. The more matter it accumulates, the better it filters
right up to its full rated service life. It saves owners time and
money. It keeps Ford-built engines livelier longer.
Another assignment completed—and another example of how
Ford Motor Company provides engineering leadership for the
American Road.
MOTOR COMPANY
The American Road, Dearborn, Michigan
PRODUCTS FOR THE AMERICAN ROAD • THE HOME
THE FARM • INDUSTRY • AND THE AGE OF SPACE
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We make machines, but Wall Street calls us a chemical company.
People who know nothing about Wall Street associate us with simple little cameras.
Photography involves cameras, and it also involves chemicals. A great deal of our chemical
activity, however, does not involve photography. On the other hand, the chemistry of photog-
raphy now hides inside machines like the ones above, so that photography doesn't seem to
involve chemistry any more. "Involved" is certainly the word for the situation.
It is an involved situation but it is also a very healthy one.
So healthy is the demand for electromechanical machines of all kinds and sizes to perform
the chemical operations of photography that our sizable body of electromechanical engineers
keeps very pleasantly occupied. Possibly you will write to us. and possibly we shall strike up a
correspondence, and possibly you too will come to work for us as an electromechanical
engineer, and possibly you will be running a vitamin factory for us on the day we pin the 25-
year medal on you. That's the beauty of diversification.
EASTMAN KODAK COMPANY, Rochester 4, N.Y.
An Interview
with G.E.'s
H. B. Miller,
Vice President,
Manufacturing
Services
Halbert B. Miller has managerial
responsibility for General Electric's
Manufacturing Services. This re-
sponsibility includes performing serv-
ices work for the Company in the
areas of manufacturing engineering;
manufacturing operations and or-
ganization; quality control; person-
nel development; education, train-
ing and communications; materials
management; purchasing and sys-
tems as well as the Real Estate and
Construction Operation. Mr. Miller
holds a degree in mechanical engi-
neering and began his General
Electric career as a student engi-
neer on the Company's Test Course
For complete information
about General Electric'
s
Manufacturing Training Pro-
gram and for a copy of
G.E.'s Annual Report, write
to: Personalized Career
Planning, General Electric
Company, Section 699-06,
Schenectady 5, New York.
Manufacturing Careers Offer
Diversity, Challenge
and Opportunity
Q. Mr. Miller, what do engineers do in manufacturing?
A. Engineers desij^n. build, equip, and operate our (General Electric plants through-
out the world. In General Electric, this is manufacturing work, and it sub-divides
into categories, such as quality control engineering, materials management, shop
management, manufacturing engineering, and plant engineering. AH ol these jobs
re(|uire technical men for many reasons. First, the complexity of our products is
on the increase. Today's devices—involving mechanical, electrical, hydraulic,
electronic, chemical, and even atomic components—call for a high degree of
technical knowhow. Then there's the progressive trend toward mechanization and
automation that demands engineering skills. And finally, the rapid development of
new tools and techniques has opened new doors of technical opportunity—elec-
tronic data processing, computers, numerically programmed machine tools, auto-
matic processing, feedback control, and a host of others. In short, the require-
ments of complex products of more exacting quality, of advanced processes and
techniques of manufacture, and of industry's need for higher productivity add up
lo an ojiportunitv and a challenge in which the role of engineers is vital.
Q. How do opportunities for technical graduates in manufacturing stack up
with other areas?
A. Manufacturing holds great promise for the creative technical man with leader-
ship ability. Over 60 percent of the 250,000 men and women in General Electric
are in manufacturing. You, as an engineer, will become p:irt of the small technical
core that leads this large force, and your opportunity for growth, therefore, is
unexcelled. Technical graduates in manulacturing are teamed with those in mar-
keting who assess customer needs; those in research and development who con-
ceive new products; and those in engineering who create new product designs. I
sincerely believe that the role of technical graduates of high competence in the
manufacturing function is one of the major opportunities for progress in industry.
Q. What technical disciplines are best suited to a career in manufacturing?
A. We need men with Doctor's. Master's, and Bachelor's degrees in all the tech-
nical disciplines, including engineering, mathematics, chemistry and physics. We
need M.B.,\.'s also. General Electrics broad diversification plus the demands of
modern manufacturing call for a wide range of first-class technical talent. For one
example: outside of the Federal Government, we're the largest user of computers
in the United States. Just think of the challenge to mathematicians and business-
systems men.
Q. My school work has emphasized fundamentals. Will General Electric train
me in the specifics I need to be effective?
A. \es. the Manulacturing Training Program is designed to do just that. Seminars
which cover the sub-functions of manufacturing will expose you to both the theo-
retical and practical approaches to operating problems. Each of the succeeding
jobs you have will train you further in the important work areas of manufacturing.
Q. After the Program—what?
A. From that point, your ability and initiative will determine your direction.
(Graduates of the Manufacturing Training Program have Gompanv-wide oppor-
tunities and they continue to advance to positions of greater responsibility.
T^rogress fs Our Most /mporianf Proc/ucf
GENERAL ELECTRIC
